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''Winwood Reade is good on the subject," said Holmes. ''He remarks that, while 
the individual man is an insoluble puzzle, in the aggregate he becomes a 
mathematical certainty. You can, for example, never foretell what any one man 
will do, but you can say with precision what an average number will be up to. 
Individuals vary, but percentages remain constant. So says the statistician." 
Sir Arthur Conan Doyle, The Sign of Four 
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Abstract 
The chipped stone industries of highlands New Guinea are noted for producing 
extremely amorphous assemblages that completely lack a formal component. This has 
led to major analytical problems, and resulted in these assemblages being very much 
sidelined in the construction of a prehistory for the New Guinea highlands. 
The analysis of the Norn.be chipped stone assemblage at a structural and 
organizational level rather than through examination of the form of the artefacts 
themselves provided the opportunity to address these problems. To achieve this, a 
methodology was developed in two strands. The first was based around the concepts 
of least-effort, mobility, provisioning and risk. This provided the theoretical basis from 
which to approach the relationship between the chipped stone assemblage and overall 
subsistence. Second, an analytical methodology was developed around the concept of 
the chafne operatoire to allow the examination of the technological structure of an 
assemblage without a formal component. Combining these concepts permitted the 
structure of the Nombe chipped stone assemblage to be seen and the way in which it 
changed as required by subsistence demands to be analyzed. 
Changes in the structure of the Nombe flaked assemblage were seen at the end 
of the Pleistocene and in the middle of the Holocene. The end of the Pleistocene was 
marked by a change from provisioning the individual with stone to provisioning 
Nombe, at least in part, and the wider use of chert as a raw material. The assemblage 
split organizationally, with limited provisioning of individuals continued using the 
chert component of the assemblage. 
The other important change in the Nombe assemblage occurred during the 
second half of the Holocene, marked by changing settlement and subsistence patterns 
that contributed to the demise of the whole flaked assemblage. The increased 
importance of the valley floors and the development of agriculture and pig husbandry 
reduced the relevance of the flaked assemblage to the point that by the time of 
European contact (the mid-1930s) flaked stone was no longer in widespread use. 
Of relevance beyond highlands New Guinea, the approach taken here 
demonstrated the role informal technology can play in major technological and 
subsistence developments over very long periods and the way in which this is reflected 
in the lithic record. 
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CRUDE, COLOURLESS AND UNENTERPRIZING REVISITED 
"Well, what of these crude, colourless and unenterprising lumps of rock?" 
(White 1977:14) 
The purpose of the research presented here is twofold. First, a 
technological analysis of the stone artefact assemblage from Nombe, a 
rockshelter in the highlands of Papua New Guinea, is undertaken in order to 
illuminate patterns of human behaviour, both technological and subsistence, at 
the site and its surrounds over the past 25,000 years. Second, and in order to 
allow the first, a methodology, based on the concept of the chafne opiratoire, is 
developed to enable the behavioural analysis of a chipped stone tool technology 
entirely lacking a formal component. The development and application of this 
methodology makes a significant contribution to the analysis of lithic 
technology, especially the way in which such technologies were structured, 
with relevance beyond prehistoric highlands New Guinea. The research 
presented here represents a new approach to highlands New Guinea flaked 
stone assemblages, and is the first to attempt to tie such assemblages to current 
archaeological models of subsistence behaviour. 
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The problem 
In synthesizing a pilgrim's progress of lithic analysis in Australia, New 
Guinea and Melanesia, Holdaway (1995) lamented the inability of current 
methodologies to perceive change in the Greater Australian assemblages, 
especially at the point of the Pleistocene-Holocene transition. Holdaway 
(1995:795) was sure that such changes should exist, as they do elsewhere in the 
world, and blamed methodological failings for their invisibility. With this 
assumption he departed from a similar, earlier critique, which posited that lack 
of change and complexity might have reflected a utility-based reality (White 
1977:26). Holdaway's (1995) review made several points: 
• For the period 15,000 to 7,000 years bp, stone artefact studies are dominated 
by results showing a slow rate of change (if identifiable) and a marked 
contrast with artefacts of the late Holocene; 
• a "key problem" is the lack of large numbers of retouched tools in many 
assemblages, especially if compared to northern hemisphere assemblages; 
• the equivalent of the Australian "Small Tool Tradition" (backed blades, 
microliths and the like) of the last 5,000 to 4,000 years is absent from New 
Guinea (and Tasmania); 
• the lack of change observed in typological studies is reinforced by 
technological analysis; 
• the only Pleistocene-Holocene transition observed is an apparent 
proportional reduction in overall artefact size; 
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• raw material variation is used /1 as something of an explanatory panacea: it is 
used as a proxy for industrial divisions, linked to environmental change, 
cited as evidence for changes in settlement patterns, and made the 
explanation for change in artefact form" (Holdaway 1995:793); and 
• the amount of prehistory written on the basis of stone is /1 meagre" - the 
dominant theme of studies on the Pleistocene-Holocene transition remains 
the lack of change. 
The prehistoric chipped stone industries of highlands New Guinea in 
general show all the characteristics the Holdaway (1995) bemoans. 
The assemblages from a variety of highlands sites are made up of what is 
traditionally described as debitage: cores, flakes and amorphous fractured 
pieces of stone. Previous studies in highlands New Guinea have shown that 
even the flakes lack form. They are for the most part square, and seemed to 
become squarer in more recent periods, if any change could be perceived at all: 
"The dominating impression produced by a collection of Highlands stone and 
bone implements is one of sameness and continuity. In spite of slight changes 
the bulk of the tool-kit is the same from Aibura to the Baiyer River and, 
apparently, Nipa in the Southern Highlands. It is also very similar from 
9,000 BC to the present." (White 1967:450). 
The only advantage offered by this continuity was the legitimacy it gave to the 
application of models derived from ethnographic observations to stone 
assemblage 10,000 years old (White 1967:450). Here, however, was perhaps the 
most dramatic technological change to have occurred in the flaking industry of 
.. 
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highlands New Guinea. Those highlanders observed in recent times making 
stone tools did not use retouch, despite its occurrence in prehistoric 
assemblages (White 1967, 1972 passim). The decline of retouch was seen as a 
phenomenon of the last 1,000 years (White 1972:147-8). 
Concurrent with an unchanging stone technology were dramatic 
subsistence changes, such as the development of arboriculture, horticulture and 
agriculture (cf Golson 1977a, 1977b, 1989, Groube 1986, 1989, Gosden 1995, 
Hope and Golson 1995). The tools of agriculture known from ethnographic 
observations, and limited archaeological finds, are quite different from the 
flaked stone artefacts from rockshelter sites such as Nombe in both form and 
function (cf Golson 1977b), and, thought to have been used primarily for 
digging, are by no means directly comparable to flaked stone artefacts. Changes 
in the chipped stone assemblage, however, should reflect the change to the new 
subsistence practices that altered the basis of the occupation of the highlands. 
In light of the picture of highlands New Guinea chipped stone 
assemblages that emerged even the analyst who produced the most forward-
thinking account of these assemblages (White 1967, 1972) was led to argue that 
the relationship between stone tool morphology and economic activity might be 
tenuous. He further suggested that indications of efficiency should not be 
demanded of stone tools (White 1977:24-5 and 27). In the case of highlands New 
Guinea at least, Holdaway' s (1995) criticisms are indeed pertinent: the flaked 
stone has been seen as showing little chronological change, as completely 
lacking the development of a formal component and as having little, if any, 
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bearing upon the interpretation of prehistoric subsistence activities. Prehistory 
could not be written from the "crude, colourless and unenterprising" (White 
1977:13) chipped stone artefacts of highlands New Guinea. 
The solution 
The highlands rockshelter site of Nombe, in Simbu Province, Papua New 
Guinea, offered the opportunity to address such crucial problems with an 
analysis of its chipped stone assemblage that was deposited at the site over the 
past 25 ,000 years. 
The stratigraphy of the site for the purpose of this analysis is divided 
into three broad chronological periods, each with its own excavation strata: the 
Pleistocene (c. 25,000 to 15,000 years bp - upper Stratum D); the early Holocene 
(c.10,000 to 4,500 years bp - Stratum B); and the late Holocene (c. 4,500 years bp 
to present - Stratum A). The period c. 15,000 to 10,000 years bp (Stratum C) is 
marked by minimal human occupation of the rockshelter, during which time 
little or no artefactual stone was deposited. Stratum C, therefore, does not 
feature in the analysis that follows. The stratigraphy of Nombe is discussed 
more fully in Chapter 2. 
Although the Pleistocene component of the Nombe assemblage was 
small, its large early Holocene component provides a more than adequate 
sample to test changes across the Pleistocene-Holocene transition. A 
comprehensive program of dating and faunal analysis undertaken previously at 
the site (Mountain 1991b) made this proposition the more attractive, although 
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the stone assemblage itself was unprepossessing. As the analysis of the Nombe 
chipped stone assemblage proceeded, however, it became apparent that the 
examination of the assemblage would not directly address some of Holdaway' s 
(1995) criticisms. The Nombe assemblage, for example, lacked retouched 
artefacts and showed no evidence for the production of formal flaked artefacts, 
such as microliths. 
On the other hand, the questions that could be answered threw light on 
fundamental issues of technology, subsistence and economy in prehistoric 
highlands New Guinea. At the same time, because the study required a 
theoretical and methodological structure aligned to the analysis of a technology 
without a formal component, it had an important contribution to make to the · 
archaeological analysis of such types of assemblage. 
Taking a fresh approach to these formless artefacts in the case of those 
from Nombe rockshelter was based on the following propositions: 
• that, as had been appreciated in some previous studies, the form of the 
artefacts· was less relevant than the means by which cores were procured 
and flakes produced, that is, the way in which the assemblage was 
structured at an organizational rather than a formal level was the crucial 
analytical issue; and 
• the chipped stone assemblage could not be divorced from the subsistence 
framework in which it was embedded. 
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The methodology 
To address these propositions the analysis of the Nombe assemblage 
focussed almost entirely ·on technological issues, which were then linked 
theoretically and methodologically to the larger question of subsistence. By 
taking a broader appro&ch, and one less concerned with what the artefacts 
looked like typologically, the analysis was able to consider the role of the 
chipped stone assemblage in day-to-day use and in longer-term strategic use. 
The theoretical and analytical methodology adopted has not been 
applied to a flaked stone assemblage from highlands New Guinea previously 
and represents an entirely new approach for this geographical region. 
The methodology used to examine the subsistence role of the Nombe 
assemblage focussed on the way in which the assemblage was structured and 
organized. This methodology comprised two parts: first, an examination of 
pertinent theoretical issues and, second, developing an analytical framework to 
apply to the assemblage. 
The primary ideas used to construct a theoretical basis for the analysis of 
the Nombe stone assemblage are those that link stone artefact production with 
subsistence activities and, particularly, mobility. Analysis of the Nombe faunal 
assemblage by Mountain (1991b: passim) indicated the role of the site as a 
temporary base camp for access to hunting grounds for people coming from 
lower altitudes. Ideas about the relationship between artefact manufacture, 
mobility and subsistence, therefore, were used to interpret the role of the 
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Nombe flaked stone assemblage in overall subsistence. These ideas are 
discussed, and the central interpretative structure arrived at, in Chapter 4. 
The main analytical problem faced in examining the Nombe stone 
assemblage was its lack of identifiable, repeated artefact forms. Additionally, a 
use wear analysis of stone assemblages from highlands sites concluded that 
almost any sharp edge in an assemblage was potentially functional, regardless 
of form (Fullagar 1989; Brass 1993, 1998). This ran counter to previous analyses 
that had distinguished implements from debitage based on overall shape or the 
identification of modified edges (Bulmer 1966 and White 1967, 1972 
respectively). 
In response an analytical methodology was adopted for this study that 
looked to identify and model the reduction sequences used at Nombe to 
produce sharp edges (that is, flakes). On the basis of results from studies using 
this concept in Australia and the Northern Hemisphere it appeared that this 
offered the best means of revealing the structural organization of the Nombe 
assemblage. 
This study, therefore, did not seek to identify used or usable edges on 
artefacts, be they retouched or otherwise. Instead, artefacts crucial to plotting 
reduction sequences were identified for analysis: flake producing artefacts (that 
is, cores), artefacts that assisted in core reduction (for example, redirecting 
flakes) and the products themselves (that is, flakes). In turn, a set of variables 
was measured on each artefact that related to the mechanical and behavioural 
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aspects of the reduction sequence. The glossary at the end of this chapter details 
these artefact classes and variables. 
The basis of the methodology was the concept of the chafne operatoire, 
which argues that stone artefact manufacture takes place in a linear fashion, 
during the course of which predictable changes occur to certain variables on the 
artefacts that form part of the sequence. The identification and analysis of those 
variables in turn allows the reduction sequences used at the site to be 
reconstructed, along with any chronological variation that might appear. The 
background to the methodology is described in Chapter 5. 
The assemblage 
The assemblage used for the analysis consists of 4,757 artefacts, most of 
which came from the early Holocene level of the site (cf Table 6.1). The 
dominant artefact class is flakes and the dominant raw material type volcanic 
stone. Chert was the other raw material flaked at the site. 
In comparison to other sites in highlands New Guinea the Nombe 
assemblage is small; its attractiveness for analysis lies with its chronological 
depth rather than its size. The small size of the analytical assemblage (taken 
from all non-wet sieved excavation squares) was addressed by combining all 
the artefacts from each stratum to create two samples for each stratum: one of 
chert and one of volcanic stone. In the analysis that follows the samples were 
not further divided by finer stratigraphic unit or spatially withjn the three strata 
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by excavation square. The spatial distribution of flaked stone in the site is 
discussed in Chapter 2. 
Even so, the primary limitation in the assemblage was the low number of 
cores, particularly chert cores in the late Holocene stratum. This was overcome 
by adopting a methodology that used reductive indicators observed on flakes 
as well as cores to reconstruct reduction sequences. 
The analysis 
The analysis considered two main areas: artefact morphology, 
particularly that of flakes, and variation in the reductive indicators. The latter 
represented the primary examination of the reduction sequences and 
dominated the analysis. 
In the course of the analysis limited use was made of statistical tests to 
test for significant differences between sets of data, or to test for correlation 
between variables. The nature of the data, and the type of questions asked of 
them, made the use of elaborate statistical techniques unnecessary. 
A combination of parametric and nonparametric tests was used to test 
for significant differences in the data. Parametric tests were adopted when the 
data were tested as falling into a normal curve, but were not used if this proved 
not to be the case (cf Hiscock 1996b). Nonparametric tests were adopted when 
outlying and extreme values were pres~nt in the data and a normal distribution 
was not achieved (Siegel 1956:18-34; Howell 1995:380). The data were not 
transformed to normalize distribution to permit the use of parametric tests (cf 
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Sherman 1997:94), as the nonparametric tests adopted provided sufficient 
precision for the types of questions asked of the data. 
The most frequently used nonparametric test in the following analysis 
was the Mann Whitney U test, in its capacity as a powerful alternative to the 
parametric t-test for small samples (Blalcock 1981:265, 275; Siegel 1956:126). In 
contrast to the t-test, however, the Mann Whitney U test uses the null hypothesis 
that the two samples were drawn at random from identical populations. 
Rejection of the null hypothesis is interpreted to mean that the two distributions 
have different central tendencies (Howell 1995:380) or are distributed 
differently (Norusis 1993:377), but not necessarily having different means as 
tested by the t-test (Pollard 1977:163-4). Where a set of data proved to have a 
normal distribution, the usual t-test was employed (Howell 1995:252). 
Probability values (two-tailed p - cf Howell 1995:383) are indicated for all 
results. 
Correlation between variables was calculated using Pearson's product-
moment correlation coefficient (Howell 1995:146-7). Probability (two-tailed p) 
values are given for all correlation calculations (Howell 1995:153-4). Where 
linear regression has been used, analysis of variance results({) have been used 
to indicate significance (Howell 1995:183). 
In each case the test used is referred to in the text at the relevant place in 
the analysis. All tests were calculated using SPSS (version 7.5). 
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Results were accepted as significant at the 0.01 level and, occasionally, at 
the 0.05 level. If the latter level was accepted this is specified, otherwise all 
results referred to as significant were at the 0.01 level. 
The results 
The analysis of the Nombe assemblage reconstructs trends in flake 
production over the past 25,000 years at the site and uses these to place this 
technological activity in its subsistence framework. The role of the assemblage 
in changing hunting patterns at Nombe is identified, in particular the way in 
which reduction of stone at the site was structured in response to these 
requirements. This is most evident over the course of the Holocene. 
The analysis resulted in three main conclusions. First, the Pleistocene 
assemblage was structured to support infrequent visitors to Nombe seeking 
access to hunting grounds at higher altitudes. Subsidiary to this Nombe might 
also have had a role in supplying stone to other hunting camps that lacked it. 
Second, a change in raw material exploitation and a major structural 
change in the assemblage marked the Pleistocene-Holocene transition and the 
first half of the Holocene. This was in response to a prey-switching strategy 
adopted by the visitors to Nombe and allowed more permanent occupation of 
the site. 
Finally, the most dramatic change occurred in the second half of the 
Holocene with an apparent decline in sustaining the productive capacity of the 
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flaked stone assemblage at the site. This was probably the result of major 
changes brought to subsistence behaviour by the development of horticulture. 
This study places the unenterprizing flaked stone of highlands New 
Guinea in its economic context and offers new solutions to some of the 
methodological and analytical limitations associated with writing prehistory 
from simple lithic technologies. 
In this analysis a convention has been adopted when representing 
tabulated data. Numerical data (for example, artefact frequencies) are presented 
in tables with shaded header rows. Non-numerical data (for example, 
chronological or typological summaries) are presented in tables with clear 
header rows. 
2 
NOMBE 
Location 
Nombe (in older reports, (for example, White 1967, 1972 and Bulmer 
1975) the site is called "Niobe") is a long rockshelter in the limestone 
escarpment on the backslope of Mt Elimbari at an altitude above sea level of 
1,720m in Simbu Province, Papua New Guinea. Nombe's location is 6°07'5, 
145°10'E. The nearest patrol post is Chuave, while numerous nucleated villages 
and scattered homesteads are found on the flanks of Mt Elimbari. The area is 
one of the most populous in Papua New Guinea and Nombe is still frequently 
occupied temporarily for rest and shelter. Above and near the shelter the cliff 
exhibits red, black and white paintings as well as smoke staining. 
Nombe rockshelter is formed by an overhang, which represents the 
minor entrance to a major cave system (White 1967:332 and Mountain 1991b: 
Figure 2.5). 
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Figure 2.1: Papua New Guinea, showing the main archaeological sites mentioned in the text. 
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Geology, landforms, soils and vegetation 
Geology and drainage 
Mt Elimbari is located in a geologically diverse area in the Chimbu 
Limestone formation, at the broadest point of a prominent strike ridge of 
limestone that is 73 kilometres in length, almost reaching the Asaro River in the 
south and extending to Kerowagi in the north. Mt Elimbari is the point of 
greatest depth of the Chimbu Limestone, where it may exceed 1,000 metres in 
thickness, although the average elsewhere is probably closer to 300 metres. 
Chimbu Limestone is composed entirely of massive limestone and calcarenite, 
and is Middle Eocene to Lower Oligocene in origin (Bain et al. 1975:45-6). 
The bulge in the Chimbu Limestonethat is Mt Elimbari is surrounded on 
three sides by Holocene deposits consisting of deposits of boulder gravel, clay 
soil and scree. These come to within 500 metres of Mt Elimbari in the west, 600 
metres to the north and 800 metres to the south. They also occur in a small 
patch 3,500 metres to the northeast of Mt Elimbari (Bain and Mackenzie 1974). It 
is possible that the boulder gravel component of these deposits represents a 
source of some of the flaked stone found at Nombe, but, if so, only during the 
later occupation of the site. 
Further west, about 3,000 metres away, occurs the Kondaku Tuff, dating 
to the Cretaceous (Bain and Mackenzie 1974). The Kondaku Tuff primarily 
consists of a variety of tuffaceous sandstones, greywackes and shales. 
Occasional areas of coarse sandstone and conglomerate occur in the formation 
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(Bain et al. 1975:32). This geology is unlikely to have provided raw material for 
the flaked assemblage at Nombe, although it represents a potential source of 
stone for axes. 
Further to the south, about 7,000 metres distant, is the Chim Formation 
dating to the Upper Cretaceous, which is dominated by massive shales and 
laminated sandstone beds (Bain and Mackenzie 1974). Massive to 
interlaminated mudstone and siltstone beds also occur in this formation 
(Bain et al. 1975:39). While some mudstones and siltstones have been found in 
the flaked Nombe assemblage, they are unlikely to have come directly from the 
Chim Formation but rather through its erosion into local river and creek beds. 
To the east of Mt Elimbari, almost 5,000 metres distant, are the Movi 
Beds, which date to the Lower to Middle Miocene, and overlies the Chimbu 
Limestone in the Chimbu-Wahgi Valley and at the Asaro River (Bain and 
Mackenzie 1974; Bain et al. 1975:13). These beds of calcareous siltstone, 
volcanolithic turbidites and conglomerate vary greatly from one location to 
another, but generally contain a wide variety of marine sedimentary rocks. Both 
the lower and upper parts of the Movi sequence include minor pebble beds, a 
component of which is chert, in addition to volcanics (Bain et al. 1975:51-3). It is 
highly likely that the Movi Beds were a source of raw material for stone 
working at Nombe as well as for the more general area. 
Observations made in the field while walking from Chuave up the flank 
of Mt Elimbari (June 1996) indicated that nodules of chert, in particular a brown 
variety like that occurring in the Nombe assemblage, outcropped in the Chimbu 
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Limestone. In frequency, these were geologically insignificant, but undoubtedly 
represented a useful source of raw material in the immediate Nombe area. 
Further to the east, some 14,000 metres distant, is the Yaveufa Formation 
dating to the Middle Miocene (Bain and Mackenzie 1974). It consists of 
volcanolithic sediments and volcanics. The former includes greywacke, while 
the latter contains a variety of lavas and welded tuffs (Bain et al. 1975:58-9). The 
Yaveufa Formation is unlikely to have provided any of the flaked stone found 
at Nombe, but could have been used as a source of stone for axes. 
The site of Nombe is therefore in an area of great geological diversity. 
Some components of the local geology could have provided the stone flaked at 
Nombe, in particular the Movi Beds. Despite that fact that these and other 
formations extend over large stretches of the landscape around Nombe, access 
to these formations is limited to their surface occurrences. In general, this is 
associated with exposure in creek lines and river beds, and, in modern times, 
cuttings made as part of road construction, in particular the Highlands 
Highway (Bain et al. 1975). The prehistoric exploitation of these geologies, 
therefore, would predominantly have taken place in the multitude of creek lines 
in the Nombe area. As a result, it is unlikely that a specific source can be located 
to which the flaked stone at Nombe can be attributed. Further, the regional 
geology indicates the possibility of ready sources of stone for the local 
production of axes. 
Although a generally northward flow can .be observed in the drainage 
patterns immediate to Nombe, some variation in the accessibility of drainage 
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lines exists and has probably also varied in the past. Some streams are seasonal, 
flowing only after continuous heavy rains, while others disappear entirely as 
they follow underground courses to emerge downslope. It has been suggested 
that an integrated surface drainage system existed in the past and that 
subsequent erosion and formation of karst features resulted in the creation of 
subterranean drainage lines (Mountain 1991b:2.4). Drainage is notably irregular 
as a result of these past developments. In terms of human habitation of caves in 
the area, this means that most caves are now dry for most of the time, only 
becoming wet after heavy rain to the point that streams will flow through some 
of them. 
Beyond the implications for human comfort of a karst drainage system is 
its significance for the procurement of stone for flaking. While the Y aveufa 
Formation probably offered a reasonably sure source of stone for axe 
production, a great deal of variability in the opportunities for the acquisition of 
flakable stone probably existed. The flaked stone assemblage at Nombe is 
highly unusual because the stone is probably entirely derived from secondary 
sources, that is, from beds of redeposited stone rather than from bedrock 
outcroppings. Almost all archaeological stone assemblages show some evidence 
of the use of secondary-source stone, but this can be as low as less than 10 
percent in, for example, Paleoindian assemblages with a heavy reliance on 
exotic raw material (Ellis 1989:41). The exception of Nombe from this usual 
pattern can be seen as a result of prevailing local conditions. Creek lines 
probably offered the prehistoric inhabitants of Nombe the only means by which 
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stone was available without mining for it. It was a limitation imposed by karst 
geology and its associated soils. The use of secondary sources of stone exposed 
its users to the risk of catastrophe, such as flooding, which may have prevented 
access to the stone (cf Ellis 1989), but the sheer number of drainage lines around 
Nombe probably negated this risk. Further, the possibility of an integrated 
surface drainage system in the past, without subterranean bottlenecks, would 
have made flooding less severe. 
Landforms, soils and vegetation 
The area immediately surrounding Mt Elimbari, and indeed the Chimbu 
Limestone formation as a whole, is dominated by a characteristic limestone 
karst landform with an altitudinal range of 1,000 to 3,000 metres. The area is 
described as being dominated by cone karst formations, which are made up of 
doline floors and walls, dipslope remnants and narrow dip crests. The doline 
floors are generally under cultivation in the Mt Elimbari area. In the 
surrounding area cliffs also occur. Soils vary from shallow to deep and are well 
drained. In the area around Mt Elimbari, which represents the northern section 
of this landform unit, the vegetation is dominated by garden and shrub 
regrowth along with sword grass. Some occurrences of beech forest are present 
(Scott et al. 1985:108). 
The area to the west of Mt Elimbari, characterized geologically by scree 
deposits and the Chim Formation, ranges in altitude from 600 to 2,200 metres. It 
is an area formally described as colluvial earth-flow terrain and is dominated by 
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earthflows and slumps. It is a landform intensively cultivated, particularly in 
the Mt Elimbari area. The soils are poorly drained, with an organic content as 
high as 17 percent. If drained, the soils can be very productive under cash crops. 
The area is heavily cleared and modern Casuarina planting has encroached 
upon grassland areas. Isolated patches of this landform occur to the east and 
northeast of Mt Elimbari (Scott et al. 1985:44 and Sheet A). 
Combined with the geological data, the implications of the landform 
types immediate to Nombe are apparent. Although the various geological 
zones potentially offer a range of sources of flakable stone, it is also apparent 
that the landform types would have greatly impeded access to those geological 
formations. The area is covered in heavy soils and concomitantly vegetated. 
This adds weight to the hypothesis that stream beds and creek lines represented 
a valuable source of stone for the prehistoric inhabitants of Nombe. At these 
locations, water cut through the soil, thus thinning the vegetation, to reveal the 
geology beneath; the axe quarries observed by Harrer (1964) are an obvious 
example of this type of access to bedrock stone. Similarly, creek lines 
undoubtedly also offered the most consistent access to secondarily deposited 
stone, such as river pebbles. The occurrence of chert nodules within limestone 
was probably a far less reliable source. Those observed at Mt Elimbari in 1996 
were revealed only as a result of erosion caused by regular and heavy foot 
traffic. Their occurrence was infrequent. 
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Excavations at Nombe 
Two sets of excavations have taken place at Nombe as part of two 
separate projects. White opened a total of 16 square metres to a maximum 
depth of 1.4metresin1964(White1967:333-4). From this was produced the first 
general analysis of the site (White 1967: Chapter 8, cf 1972:Chapter 6). Over a 
period of almost 10 years from 1971 Mary-Jane Mountain excavated Nombe for 
the second time, covering much more of the site and reopening White's squares. 
Although initially concerned with the stratigraphic problems encountered by 
White, the project finally emerged as a major taphonomic, stratigraphic, but 
primarily faunal analysis directed towards illuminating the changing 
Pleistocene and Holocene human occupation of the New Guinea highlands 
(Mountain 1991b). In neither case was a complete analysis of the stone 
assemblage undertaken. The stratigraphic problems of the site led White to 
regard the material as unsuitable for detailed analysis (White 1967:7), while an 
examination of the stone was peripheral to Mountain's research. 
The stratigraphy at Nombe is divided by Mountain (1991b: Chapter 3) 
into four largely distinct strata, in descending order A, B, C and D. Within these 
strata there are further divisions by soil type, allowing further refinement of the 
chronology of the site, but these subdivisions were not applied to the data used 
here (Volume 2, Mountain 1991b provides detailed stratigraphic drawings). 
Stratum A was characterized by fine soils, usually quite dusty and with a 
reasonably high ash content. This stratum was divided into three substrata, Al, 
A2 and A3, each with its own characteristics, but not all of which occurred in 
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every part of the excavated· area. Al and A2 were a similar grey-brown dusty 
soil, but A2 showed a higher ash content. A3, in contrast, showed more humic 
content and frequently wetter surface deposits. Stratum A varied in depth from 
less than 10cm near the back of the site to over 100cm at the front, where the 
slope to the doline base starts. It was heavily disturbed by activity at the site by 
pigs, dogs and humans in the current period (Mountain 1991b:3.3). 
The interface between Stratum A and Stratum B was well marked in 
some areas of the site and far less so in others, particularly where a similar 
density of bone was recorded in each. Overall, however, the distinction was so 
marked that Stratum B was described as /1 the bone stratum" (Mountain 
1991b:3.3). It was divided into eight substrata, which, despite some variation, 
can all be described as loam or clay. Rates of deposition and erosion varied 
among these substrata, but overall Stratum B was clearly identified. In addition 
to bone, stone artefacts were prominent (Mountain 1991b:3.3-3.4). 
Stratum C, of minimal importance in this analysis, comprised three 
elements: flowstone sheets, tephra-like blocks and red-brown sediments. The 
various combinations of these elements seem to have offered a challenging 
stratigraphy; little could be done to devise substrata. It was these combinations 
of elements, along with the addition of consolidated blocks of deposit, however, 
that allowed the identification of Stratum C as a clear interval between Stratum 
Band Stratum D (Mountain 1991b:3.5-3.6). This period at Nombe was marked 
by a great deal of sedimentary, but little human, activity (Mountain 1991b:3.34). 
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Stratum C yielded only 28 grams of artefactual stone (Mountain 1991b:4.13), 
none of which features in this analysis. 
Stratum D consisted of redbrown clays, which could be divided into six 
subgroups. This stratum included the basal layer and contained some deposit 
probably pre-dating human occupation of the site (Mountain 1991b:3.6-3.7, 4.14-
4.16). 
Substrata D2, D3 and D4 contained little to connect them with human 
activity at Nombe, and appear probably to have been laid down prior to human 
visitation to the site (Mountain 1991b:4.15-4.16). On the other hand, Dl and D5 
(Dl/5), which were very similar layers that overlay the basal layers of D2, D3 
and D4 (Mountain 1991b:3.7), contained unequivocal evidence for at least 
occasional human visitation to Nombe (Mountain 1991b:4.14). 
Analysis of the strata at Nombe resulted in a six-stage depositional 
model, which, although quite elaborate (cf Mountain 1991b:3.18-3.31 and 3.34) 
can be summarized as showing four main trends: 
1. the deposition of the various Stratum D materials by water action, most 
likely a stream, between c.15,000 and c.31,000 years bp (The convention 
followed here (after Chippindale 1995:v) is to label uncalibrated 
radiocarbon determinations "bp", as opposed to "BP" for calibrated 
dates); 
2. sedimentary activity between c.10,000 and c.15,000 years bp resulting in 
StratumC; 
Nombe 25 
3. the excavation of a trench by humans through back of the site between 
c.9,000 and c.15,000 years bp, resulting in upcast material in Stratum C 
and at the base of Stratum B; and 
4. the deposition of loam and powdery ash and soils containing much in 
the way of bone, burnt bone, ash and artefacts between the present and 
c.10,000years bp, with the rate of deposition slowing noticeably from 
about c.5,000 years bp. 
Essential to clarifying what was an enormously complex stratigraphy was 
an extensive program of 14c dating. The core of this program was 21 results 
from material that was considered to be truly in situ (Table 2.1), and these dates 
provided a relatively firm chronology. 
Despite the complexity of the dating program and the presence of some 
anomalous dates, the use of a variety of dateable materials, including charcoal, 
bone, landsnail shells and flowstone and calcite samples, produced results that 
were largely consistent (Mountain 1991b:3.12-3.16). It is this consistency that in 
part allows the stone artefacts from Nombe to be analyzed in block units from 
each stratum. The soil analysis and dating program undertaken at Nombe 
provide clearly vertically differentiated strata, each with a consistent series of 
dates. 
The general date ranges (Table 2.2) in effect give a sample comprising a 
Pleistocene sample, a terminal Pleistocene to mid-Holocene sample and a late 
Holocene sample. It should be noted that while Stratum D has given dates as 
I 
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early as 30,000 years bp, 25,000 years bp represents the approximate date of the 
first human occupation of the site (Mountain 1991a:516). 
Stratum Age range vears bp ANUNumber Material dated. 
D2 
Dl/5 
c 
B 
A 
33,050 - 31,150 ANU2566 Snail shell 
30,100 - 29,100 ANU2565 Snail shell 
25,200 - 24,400 ANU2578 Calcite 
14,800 - 14,500 ANU2580 Flowstone 
13,650 -12,650 ANU3683 Bone 
12,000 - 11,700 ANU2581 Flowstone 
11,810 - 11,490 ANU3681 Snail shell 
11,590 -11,210 ANU2569 Charcoal 
10,150 - 10,350 ANU2579 Flowstone 
10,150 - 10,350 ANU2576 Flowstone 
9,930 - 9,370 ANU3686 Bone 
9,160 - 7,480 ANU3687 Bone 
6,860 - 6,620 ANU3688 Bone 
6,470 - 6,290 ANU3075 Bone 
5,990 - 5,630 ANU3074 Bone 
5,980 - 5,760 ANU3076 Bone 
5,540 - 5,230 ANU3684 Bone 
5,310 - 4,870 ANU3689 Bone 
3,730 - 3,110 ANU2570 Charcoal 
980-820 ANU3685 Charcoal 
100.4±09%M ANU3073 Charcoal 
Table 2.1: The results of the 14C dating program at Nombe that used in situ material 
(after Mountain 1991b:3.12 and 3.17). 
Stratum 
Stratum A: 
Stratum B: 
StratumC: 
Stratum D: 
c.4 500 years to the present 
c.10 000 to c.4 500 
c.15 000 to c.10 000 
> c.30 000 to c.15 000 
Table 2.2: The general dates from Nombe rockshelter as derived from 14C samples. 
Stratum C does not feature in following analyses. 
In the absence of firmer spatial evidence, the strata have been analyzed 
as block units. In other words, all flaked stone from a single stratum have been 
analyzed as the one sample, irrespective of square or substrata. Apart from any 
stratigraphic concerns, attempting to subdivide the stone assemblage in the 
I 
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same fashion as the faunal remains would have resulted in samples of flaked 
stone too small for analysis. Furthermore, the stratigraphy determined which 
excavated squares at the site were chosen for analysis. Those squares in which 
the strata were most clearly defined and most fully represented were chosen to 
provide the sample for analysis. By using all the artefacts from the chosen 
squares from Stratum A down to Stratum D (where the latter was available), 
sampling in strata columns, direct comparability between strata has been 
achieved (cf Brown 1975:159, 162). This approach has allowed long-term 
patterns of stone tool production at the site to be perceived. 
Stratum B dominates the site in terms of human activity, comprising 73.4 
percent (n = 3,494) of the total artefactual stone assemblage. This is followed by 
Stratum A with 23.9 percent (n = 1,137). Unlike other excavated cave sites 
reported from Papua New Guinea, the flaked material at Nombe is primarily 
volcanic stone, which for both Strata A and B forms over 65 percent of their 
respective assemblages, with chert comprising about 30 percent. (cf Table 6.1). 
The remainder is made up by a variety of other materials, each contributing less 
than 1 percent to the total assemblage, and not featuring in further analysis. In 
all strata, the most common artefact type is the "unmodified flaken, which 
probably represents the primary functional component of the assemblage. 
Cores are the least represented artefact type. 
This very general pattern of human occupation of the site is reflected in 
the bone assemblage. Although some variation in relative stone and bone 
densities occurs within Stratum B, with more stone in the lower section and 
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more bone in the centre, this stratum unequivocally represents the most 
concentrated and consistent human use of the shelter (Mountain 1991b:4.10). 
Further, it is in Stratum B that the only obsidian to be found in the site was 
located, perhaps indicating that this was the period during which the human 
occupants of the site were in contact with the broader region (Mountain 
1991b:4.13). 
Stratum C, not featured in this analysis due to its paucity of stone 
material, is anomalous. It occurred in some squares in the excavation, but in 
others not at all, perhaps as a result of higher erosion rates (Mountain 
1991b:4.13). The lack of a "lag" deposit of artefactual or natural stone over 
Stratum D points to a very low level of human activity at the site during this 
period. While this may have raised doubts as to whether any of the Stratum C 
material was deposited by humans, the reasonably high percentage of burnt 
bone (averaging around 46 percent) indicated that the deposit is archaeological. 
It was a period of extremely sporadic human occupation (Mountain 1991b:4.14). 
Stratum D, important because of its evidence of Pleistocene occupation, 
is very similar to Stratum C in its paucity of artefactual material. However, the 
stratum contains far more deposit than Stratum C and produced sufficient 
artefacts for analysis, even if relative densities are highly variable within the 
stratum. Again, visitation to the site seems to have been sporadic, but the 
evidence for human occupation, even if occupation was limited, is unequivocal 
(Mountain 1991b:4.15). 
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Spatial distribution of artefacts within strata 
The distribution of stone artefacts is most meaningful at N ombe in terms 
of human activity by strata, in other words, in the block strata units as 
analyzed. As shall shortly be seen, the spatial distribution of artefacts within 
each stratum reflects depositional factors rather than human activity (with one 
possible, and notable, exception, a trench dug into the clay of Stratum D). 
Similarly, the frequency of the occurrence of artefacts within a stratum does not 
allow the definition of discrete stone working areas, nor specific discard 
locations. Within the set of primary squares chosen for analysis, however, some 
spatial patterns emerge, and these are examined in the following discussion. 
The major stratigraphic analysis undertaken at Nombe (Mountain 1991b) 
was primarily directed toward clarifying issues of chronology rather than 
elucidating horizontal spatial patterning within strata. In other words, while the 
vertical division of the site reflects something of reality (especially the 
geomorphic depositional regime), the horizontal division of the site is more 
arbitrary. Nonetheless, limited explanation for the horizontal spatial patterning 
can be advanced on the basis of the stratigraphic data. 
The greatest density of artefacts, in all strata, occurs in Squares C71, D71, 
G71 and H71, towards the centre of the rockshelter. Beyond those squares, a 
higher density of artefacts occurs towards the back of the site than towards the 
front. This is apparent in Strata A and B, but not D. This is probably a sampling 
issue, however, because squares D71, H71 and M71 continue below Stratum B. 
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The distribution of artefact class follows a very similar pattern to that 
generally observed for all chipped stone, confirming that discrete patterns of 
discard have not been preserved in the site. Flakes show a tendency to be 
spread over more of the site in greater density than cores, but this is 
undoubtedly a product of flake frequency. 
It is apparent that no patterns of deliberate discard still exist within the 
site. Nonetheless, there is a distinct tendency for artefacts to congregate toward 
the centre and the back of the site (Figures 2.2, 2.3, and 2.4). Artefact class 
replicates this pattern, which do not show differential discard either (Figures 
2.5, 2.6, 2.7, 2.8 and 2.9). Explanation for this can be sought by examining where 
artefacts occur in the site according to their size. Weight was taken as a general 
indicator of relative artefact size and mean weight plotted across the squares in 
order to indicate where the larger artefacts occurred within the site and strata 
(Figures 2.10, 2.11 and 2.12). 
Nombe and Kafiavana 
Front ofrockshelter 
0-20 
Figure 2.2: The spatial density of 
artefacts for Stratum A. Of note is the 
peak in artefact numbers towards , the 
centre of the site. 
Front of rockshelter 
50-150 
Figure 2.3: The spatial density of 
artefacts for Stratum B. While the pattern 
is very similar to that of Stratum A, a 
slight tendency is shown for greater 
density towards the front as well as the 
centre of the site. 
NIA 
Front of rockshelter 
0-lO 
Figure 2.4: The spatial density of 
artefacts for Stratum D. the sample is too 
small to show spatial patterning. 
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A71 B71 
E71 F71 
J71 K71 
Front of rockshelter 
0-2 
Figure 2.5: The spatial density of cores 
for Stratum A. 
E71 F71 G71 
J71 K71 L71 
Front of rockshelter 
0-1 
Figure 2.6: The spatial density of cores 
for Stratum B. 
A71 
E71 
J71 
Front of rockshelter 
2-20 
Figure 2.7: The spatial density of flakes 
in Stratum A. 
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Front of rockshelter 
30-100 
Figure 2.8: The spatial density of flakes in Stratum B. 
NIA 
Front of rockshelter 
Figure 2.9: The spatial density of flakes for Stratum D. 
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The distribution of mean artefact weight follows closely the pattern of 
artefact occurrence across the site. Some minor differences can be observed. 
Although there is a tendency for large artefacts to occur towards the centre of the 
site, as already noted for numbers of artefacts, the distribution of heavier artefacts 
towards the back of the site is not as marked as for artefact frequency (Figures 2.10, 
2.11 and 2.12). This implies that the. assemblage has been arranged, or rearranged, 
in the site at some level. It is apparent, however, that this must be sought in 
depositional, rather than cultural, factors. 
In Stratum B, two clear depositional factors were apparent, which may have 
significantly influenced the observed artefact distribution pattern. First, and 
foremost, the extremely high density of stone in squares C71, G71, H71 and, to a 
lesser extent, M71 (Figures 2.3, 2.6, 2.8 and 2.11) can be explained by the presence 
of a gully that ran through the site. The gully was a remnant from a stream that ran 
through the site during the Pleistocene. Although this filled with clay as part of the 
ongoing deposition of Stratum D, there would still have been a linear hollow 
across squares D71, H71 and M71 in Stratum B times. It may have remained as an 
occasional drainage path, resulting in artefacts being moved into it as erosion took 
place (Mountain 1991b:4:12). This also resulted in the heavier artefacts moving into 
the gully (Figure 2.11). 
Nombe 
Front of rockshelter 
1-10 
Figure 2.10: The spatial distribution of 
artefact weight range (in grams) for Stratum 
A. 
Front of rockshelter 
20-80 
Figure 2.11: The spatial distribution of 
artefact weight range {in grams) for Stratum 
B. 
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NIA 
Front of rockshelter 
Figure 2.12: The spatial distribution of 
artefact weight range (in grams) for Stratum 
D. 
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The remnant dip in the overlying deposits in the stream.bed fill seems to have 
remained an important factor in the later depositional history of the site, 
especially in the downward "pull" it would have exercised on heavier objects in 
the site. Mountain (1991b:3.19) was able to conjoin two pieces of bone, one part 
from Spit 7 in Square H71 and the other from Spit 4 in Square K71, the 
separation of the two parts most likely having resulted from the depositional 
influence of the remnant gully. 
The slightly lower density of artefacts in squares A71 and B71, Stratum B, 
in an area where a higher density of stone would be expected, can be explained 
as a result of those squares being under the wall of the shelter as the deposit 
built up in the last years of Stratum B. These squares therefore missed out on 
artefacts that would otherwise have been deposited in them (Mountain 
1991b:4.12). 
The low density of artefacts in Stratum D is possibly the result of human 
activity peripheral to the squares analyzed. Late in the occupation evidenced in 
Stratum D and continuing into the period of the sedimentation associated with 
Stratum C, a trench was dug through the site (Mountain 1991b:4.15). A possible 
function for the trench, and thus the motivation behind its excavation, has been 
suggested as the need to drain the site as the sediments forming Stratum C, 
including extensive tephra, began to build up. The sharp delineation of the lip 
of the trench and the overlying clay indicates, however, that the trench was not 
open for very long. This suggests that, as more space at the site was required, a 
gour pool in the site was drained and the trench then backfilled to get rid of the 
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hole inconveniently placed in the middle of the site (Mountain 1991b:4.21). 
Although clearly very influential in the depositional history of the site, the very 
small amount of artefactual stone recovered from Stratum C makes it 
impossible to perceive the role the trench played, if at all, in the discard of stone 
atNombe. 
Human influence on the depositional pattern of stone artefacts at Nombe 
has been indirect; the underlying Pleistocene streambed exerts a baleful 
influence over all successive periods. Further, during the earlier occupation of 
the site at least, there seems to have been a tendency for the stream bed to 
become the natural final resting place of much of the stone at the site (Mountain 
1991b:4.15). This seems to have happened in later periods as well, the dip 
marking the remnant of the streambed a continuing presence in later strata .. 
The result is that stone artefacts within each stratum do not necessarily lie at 
their original point of discard. Within strata on a horizontal plane, therefore, 
the distribution of artefacts does not reflect directly human behaviour. While 
attempting to refit different pieces of artefacts may give some idea as to the 
extent of this dislocation, it would provide nothing beyond what is already 
known from Mountain's (1991b) analysis of the stratigraphy. Furthermore, a 
similar level of variability can be observed vertically within strata, especially 
Stratum D (Mountain 1991b:4.15-7). Analysis of the artefacts from Nombe 
therefore proceeded using strata as block units and combining all artefacts 
within each stratum to create a single sample. Further spatial discrimination 
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was not possible, and, if attempted, would have led to erroneous sample 
divisions. 
Clouds and fire: the palaeoenvironment 
To return the evidence from entire excavated assemblage from the site, 
the earliest periods of human visitation to Nombe (evidenced primarily in 
Stratum D and B) cover a time of dramatic climatic change in highlands New 
Guinea. This brought with it structural changes in the environment accessible 
from sites such as Nombe (Table 2.3), and would have in turn changed the 
subsistence patterns adopted by humans living in the highlands. In addition to 
climatic change, humans also had a hand in altering the highlands vegetation. 
Climate and vegetation changes 
The most important factor was · glaciation, which dropped the 
temperature in the highlands some 5 to 6 degrees Centigrade lower than is 
current. Above 3,600 metres above sea level, ice caps and glaciers of various 
size covered the mountains, while below, alpine grasslands developed, 
extending down to 2,000 metres above sea level (Hope and Hope 1976:32.3). 
The necessary lowering of the treeline implied by this originally caused some 
confusion; either there was major climatic change or the alpine grassland came 
down to 2,000 metres only in localized areas (Loffler 1977:4-5). However, 
evidence from three widely spaced locations along the highlands spine, the 
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Baliem Valley in Irian Jaya (Haberle et al. 1991), Telefomin (Hope 1983) and 
Kosipe (Hope 1982), both in Papua New Guinea, although some hundreds of 
metres lower in altitude that the 2,000 metre treeline, hint at the widespread 
occurrence of alpine grasslands. 
The creation of these alpine grasslands as the climate became cooler 
during the late Pleistocene offered two advantages to the prehistoric humans of 
the region. First, although containing no significant plant resources (Hope and 
Hope 1976:42), it opened up a new hunting environment probably inhabited, 
among other mammal species, by the now-extinct large fauna (Hope and Hope 
1976:40-1; cf Flannery et al 1983). Second, the grasslands provided a means of 
communication and movement along the highland spine. Although now in 
their greatly reduced post-Holocene form, such regions are still favoured for 
hunting and travel (Hope and Hope 1976: 39; Mountain 1991b:10.2-10.3). The 
latter is possibly the more important factor. It allowed humans to move into 
areas previously unexploited and provided a means of expanding their zone of 
activity. Furthermore, the grassland undoubtedly exposed the "front" of the 
treeline to human exploitation; that is, it provided means by which humans 
could get into the forest and, possibly, begin the process of its clearance to make 
the region more amenable to human occupation at a local level. Larger 
marsupials, such as now-extinct species of Dendrolagus, Diprotodon and 
Protemnodon are known from Nombe (Flannery et al 1983), and, in principle, 
would have made an attractive incentive for humans to visit the upper forest 
edge reasonably frequently (Mountain 1991c:63; Mountain 1991b:10.5). Nombe 
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provided a location at which such cross-altitudinal hunting trips could be based 
temporarily. 
Terminal Pleistocene changes also made the forest an important resource 
zone as the warming climate allowed the expansion of forest at the expense of 
the alpine grasslands (Hope and Golson 1995:820) (Table 2.3). At Nombe, a 
change in hunting activity from taking mammals found in the subalpine 
grasslands and forest margins in the earlier period (Stratum D) to hunting 
animals of the forest proper during the terminal Pleistocene is observed 
(Mountain 1991b:10.3 and 10.8). This is indicated at Nombe by an increase in the 
representation of terrestrial mid-montane mammal species (Mountain 
1991b:9.17). 
General timeframe: 
32,000 to 28,000 
c. 18.,000 
pre-15,000 
Up to 14,000 
c.13,000 
c. 11,000 
c. 10,000 
c. 9,000 
General climatic and environmental chan es 
Warmer, more settled conditions -forest advancing 
Glacial maximum - coldest period 
Snowline begins to retreat 
Treeline descends to c.2,200m asl, highlands cooler and cloudier 
Treeline passes 2,900m asl 
All but highest summits clear of ice, treeline continues climbing 
Climate very similar to present day 
Current forest limits achieved 
Table 2.3: A generalized timeline for climatic and environmental change in highland 
New Guinea over the past 30,000 years bp (after Swadling and Hope 1992; cf Hope and 
Hope 1976:51). 
Vegetable resources, however, were probably not an important attractant 
to the terminal Pleistocene montane forest. Mountain Pandanus (quite different 
from the mid-montane and coastal species and the domesticated variety) 
appears to be the only known edible plant from this environment (Golson 
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1991:87), and it has been suggested that this was the primary motivation for 
human visitation to such areas (Bulmer 1977:69; cf White et al. 1970). Further 
floristic changes to the montane zone occurred with a temperature rise across 
the Pleistocene-Holocene transition brought the occurrence of a wider variety of 
edible plants that probably made this environment more attractive for longer-
term visitation (Golson 1991:86-7). 
The role of humans 
The evidence for human alteration . of the highland environment is 
convincing. Equipped with waisted blades, axes, and fire humans certainly had 
the potential to alter the forested environment, and probably did. The presence 
of charcoal in a variety of pollen samples predating about 25,000 years bp seems 
to indicate the onset of human burning in several places in the highlands. 
Samples from Kosipe show a marked increase in carbonised particles at c.30,000 
years bp and palynological analysis appears to indicate that clearing in the 
forest had been made in the area around the site (Hope 1982:217). In the Baliem 
Valley, Irian Jaya, charcoal in slopewash and palynological evidence indicates 
similar localized forest disturbance taking place at c.28,000 years bp (Haberle et 
al. 1991). Further evidence from Telefomin shows three phases of human 
activity in the forest, the earliest of which at c.18,000-15,000 years bp appears to 
indicate the deliberate firing of a wet forest swamp (Hope 1983). Telefomin 
indicates that localized forest disturbance was an episodic process throughout 
the late Pleistocene. 
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Furthermore, it has been argued that another important purpose for 
burning might have been to promote the proliferation of Pandanus, cited as the 
only vegetable resource making the penetration of high-altitude New Guinean 
forest worthwhile (Bulmer 1977:69, Mountain 1991b:l0.6). Another highlands 
Pleistocene site, Kosipe, was used to argue that the primary purpose of human 
visitation to the area was the exploitation of Pandanus (White et al. 1970). 
Supporting evidence for the Pleistocene exploitation of this plant comes from 
Yuku, where Pandanus nuts were reported in layers earlier than 12,000 years bp 
(Bulmer 1982:193). Powell (1982:211) argued that "nutritionally superior" fruits 
and nuts may have formed a staple for the early inhabitants of New Guinea, 
and subsequently been among the first plant types to be transplanted into 
groves and thence to garden sites. 
The economic incentives for the disturbance of highland forest are 
therefore clear, the evidence for burning is widespread and the argument for its 
human origin convincing. It is apparent that, well before the end of Pleistocene, 
human alteration of the highlands environment was taking place. Forest 
disturbance, even if localized, altered the geomorphic regime through soil 
movement resulting from the absence of trees (Swadling and Hope 1992:27; 
Courty et al. 1989:126). This gradual "humanization" of the highlands continued 
into the Holocene, with continued clearance throughout the region. 
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The Pleistocene-Holocene transition and subsequent developments 
The period after c.14,000 years bp is marked by the most dramatic 
changes in human subsistence patterns, which accelerate after the end of the 
Pleistocene. Forest disturbance intensified to periodic clearance, associated with 
shifting horticulture of cultigens that had become available as mixed forest and 
swamp plant taxa colonized the forest as result of climatic warming (Hope and 
Golson 1995:827). The ultimate development of these changes is the appearance 
of swamp agriculture in highlands New Guinea, which, based on the evidence 
from Kuk near Mt Hagen, dates to at least 6,000 years bp, possibly originating 
as early as 9,000 years bp (Golson 1989:679). Golson (Hope and Golson 
1995:828) argues that the motivation for this development lay in progressive 
deforestation over several millennia, which resulted in soil degradation that put 
sustainable shifting horticulture in jeopardy. The fertile soils offered by 
swamps, such as Kuk, represented a distinct advantage for continued plant 
cultivation. This is also seen as associated with the loss of forest faunal 
resources (cf. J. Hope 1977:25) and an intensification of pig husbandry, leading 
to further demands on agricultural production (Hope and Golson 1995:828). 
These developments coincide with the period of most intense human 
occupation of Nombe (Mountain 1991b:10.9) and several other highland sites, 
including Kafiavana (White 1972:108) and Yuku (Bulmer 1975:30-1). The 
implications for the prehistoric inhabitants of Nombe are unclear. By this 
period, Nombe was surrounded by mid-montane forest without access to alpine 
grasslands. This is reflected in the faunal assemblage at Nombe, which also 
Nombe 44 
indicates the continued importance of hunting as a subsistence strategy 
(Mountain 1991b:10.9). This period at Nombe was perhaps one of "forest 
management" or "forest gardens". These types of horticulture, from an 
evolutionary model proposed by Groube (1989:301), involved the management 
of plant resources by either, in the former case, providing and maintaining 
cleared areas, or, as in the latter, transplanting plants out of the forest into 
maintained cleared areas. Both could explain the relatively permanent 
occupation of Nombe during the early Holocene, and yet would have been the 
type of limited horticulture still requiring substantial hunting for successful 
subsistence. 
The demands of the changing palaeoenvironrnent exerted considerable 
influence over the motivating factors behind the occupation of Nombe and 
Kafiavana. As argued by Mountain (1991b), the Pleistocene importance of 
Nombe lies in the site's role in providing shelter in the right location for 
humans seeking to exploit the edge of the treeline and the important alpine 
grasslands. 
Grassland access, however, was not the sole motivator for site visitation; 
other resources, such as stone, probably had an impact of the different 
chronologies of rockshelter occupation in prehistoric highlands New Guinea. 
Kafiavana, for example, probably did not offer any such advantages, 
which may explain its initial occupation later than Nombe (cf Table 3.6). 
Certainly the faunal assemblage from Kafiavana shows a predominance of 
forest, rather than grassland, species (White 1972:92). If, as the local geology 
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suggests, it was the ready availability of chert that made Kafiavana an attractive 
occupation site, then this too may have militated against its occupation until the 
terminal Pleistocene (contra Golson 1991:88-9), who evokes an entirely 
climatically determined explanation). The late Pleistocene geology around 
Kafiavana suggests a period of intense localized sedimentary activity, with the 
deposition of sands and gravels (McMillan and Malone 1960: Plate 1). It is 
possible, therefore, that the chert beds may not have been exposed until after 
this period of sedimentary activity ceased and erosion began; the latter may 
well have been a byproduct of human forest clearance in the area. Although 
speculative, this changing availability of chert may help explain the later 
occupation of Kafiavana compared to Nombe. This contrasts with Nombe, 
where such deposition of sands and gravel took place during the Holocene. The 
earlier occupation of Nombe may have been in part the result of its more 
geomorphologically stable surrounds during the Pleistocene. 
Stone artefacts and environmental change 
The role of certain types of stone artefacts in these events appears to have 
been quite important, primarily specialized artefacts such as waisted blades and 
axes. Waisted blades have been described as /1 pioneering forest-clearing tools" 
(Groube 1989:296). The great weight of these artefacts (up to almost 3 
kilograms) and the opposed notches ("waisting") on these artefacts, which use 
wear indicates to have been used for hafting, indicates their role in forest 
management. Further, the crudely-grained stone from which these artefacts 
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were made, which would not have kept an edge under heavy work, has led to 
the suggestion that waisted blades were used for ringbarking trees rather than 
chopping them down (Groube 1989:297). The earliest dates for waisted blades, 
from the Huon Peninsula more than 40,000 years bp (Groube et al 1986; Muke 
1984), appear to indicate that the earliest forest disturbance took place in the 
coastal lowlands (Groube 1989:297). If ready access to the forest edge was a 
necessary first step for successful forest manipulation, then the very earliest 
evidence for forest management coming from the coast, rather than the 
highlands, makes sense. The humanly encouraged development of grasslands 
in the highlands subsequently allowed an analogous access to the forest edge. 
Although waisted blades may not have been used for actually felling 
trees, ground-edge axes may well have been, since the technological advantages 
offered by grinding apply primarily to the effectiveness of the edge (cf Dickson 
1981; Steensberg 1980). The oldest ground-edge axe from New Guinea comes 
from the base of Stratum D at Nombe, and is dated to about 25,000 years bp 
(Mountain 199lb). Following Groube's (1989:297) reasoning that such an 
artefact class is "a lithic witness to forest interference", then the evidence for 
Pleistocene forest clearance around Nombe is unequivocal. 
The role of chipped stone assemblages in these events is unclear; 
obviously flaked stone artefacts were not used in forest clearance per se, but 
their role in supporting subsistence in the forested environment has not been 
examined. The small number of axe fragments in the Nombe assemblage means 
that they do not feature in the. analysis that follows. Instead, the analysis 
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focuses on the flaked artefacts alone and seeks to clarify their role in sustaining 
subsistence in the forest, activities that in turn enabled manipulation of the 
forested environment on a larger and longer term scale. 
The modern landscape of Papua New Guinea is generally accepted as 
anthropogenic (Mountain 1991c:59), primarily as a result of the creation of 
grasslands (Powell 1982:207). 
N om be' s role 
As a fixed point in a changing environment Nombe became a repository 
for faunal remains that are indicative of the conditions surrounding the site 
(Mountain 1991c passim). Also occupying this environment were humans, 
whose subsistence activities contributed to Nombe both a large part of the 
faunal assemblage and a deposit of artefactual stone over a very long time. 
Because of this, Nombe provides the opportunity, not previously 
/ 
available from other archaeological sites in Papua New Guinea, to reconstruct 
human activity in a challenging environment changing only slowly to their 
demands. 
3 
CHIPPED STONE ARTEFACTS IN HIGHLANDS NEW GUINEA 
Addressing the unknown: typological approaches to formless artefacts 
The amorphous nature of chipped stone artefacts in New Guinea 
resulted in their failure to fall easily into categorization modelled on the lithic 
industries of Europe. This, and the apparent cessation of the manufacture of 
more complex flaked implements prior to European contact with much of the 
population of New Guinea (Bulmer and Bulmer 1964:54 and 67, White 1967:75, 
White 1977:14, White and Thomas 1972:278), made the first analyses of 
prehistoric assemblages fraught with difficulties. 
The first researcher to seriously consider the chipped stone artefacts of 
highlands New Guinea, Bulmer (1966), brought to the problem the logic that the 
consistent production of a replicable form is the clearest reflection of the mind 
and cultural milieu of the stone worker. This reasoning had sustained analyses 
of European stone assemblages. Formal tools are also easily seen as functional, 
even if the possible function, such as "spear point", is a speculative one given 
by the archaeologist. The attraction of this approach is readily apparent: the 
presence of certain types of artefacts would provide a direct reflection of human 
activities associated with the assemblages analyzed and, if a sequence could be 
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established, the way in which these activities had changed. Bulmer (1%6) 
therefore adopted a traditional typological approach that developed into a 
bipartite classification of artefacts by form and function. A major difficulty 
emerged. 
Using the shape of artefacts to establish types for some components of an 
amorphous assemblage resulted in a proliferation of categories, almost 
outnumbering those found in highly sophisticated European assemblages, 
which show relatively unambiguous types (Shawcross 1964:11 ). Categorizing 
other components of the same assemblage on the basis of technical types, as 
was done for the category "large flake tools" (Bulmer 1966:87), resulted in so 
few categories as to make these difficult to use as analytical units (cf. Shawcross 
1964:10, Grace 1997). The solution for amorphous assemblages lay outside the 
use of a traditional typological approach. 
Perceiving problems with Bulmer' s approach, the other major analyst of 
highlands New Guinea chipped stone artefacts, White (1967), developed an 
innovative and influential system of classification based on ideas about 
functional categorization: 
... in the absence of extensive secondary retouching the use of typology 
based upon fotms of flakes may be misleading. The classification may merely 
become a selection from among the almost random forms which result from 
percussion flaking, or from the modification of edges through use or 
resharpening" (Shawcross 1964:12). 
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The categorization on the basis of edge modification became the central 
analytical tool for the analysis of implements from highlands Papua New 
Guinea, and the means by which implements were distinguished from the 
amorphous background assemblage (White 1967, 1972, White and Thomas 
1972:277). Further, the edge was seen as a record of the processes that had 
operated on a piece of stone, it being the production of the edge rather than the 
artefact itself that was considered more important (White and Thomas 
1972:282). The usefulness of focussing solely on the edge was reinforced by 
ethnographic observation in highlands Papua New Guinea, which indicated 
that the shape of artefacts was almost entirely disregarded by the stone workers 
so long as the artefact served the desired function (White 1967:75, White and 
Thomas 1972:278). Nonetheless, this analytical method was still fundamentally 
typological rather than functional per se, especially as the ethnographic 
observations provided no evidence for the production of edges, only the 
production of unmodified flakes. Nonetheless, archaeologically recovered 
implement edges were classified according to type, size, shape and edge angle. 
The nature of this classification was such that 90 percent of implements were 
assumed to be "miscellaneous scrapers" as a functional category (White 1972:8), 
which the ethnographic record suggested was a reasonable approximation of 
the non-specific uses to which stone artefacts were put. 
Further development of the edge-based typology led to an extreme 
example of formal edge analysis. Although using essentially the same four 
categories of edge classification as White (1972), another study created a 
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potential pool of 846 classes of implement (edge) type (Watson and Cole 
1977:77). By so doing, this analysis essentially revisited the typological 
problems brought on by attempting to use artefact shape. In other words, 
typologically classifying the edge resulted in as great a multitude of types as 
could classification by overall shape. 
The broad problem also remained that the edge-based analytical 
methodology, essentially relying upon the recognition of repeated edge shapes, 
could result in much of an assemblage being deemed if not non-functional, then 
at least unable to contribute to further analysis. The result could be the majority 
of an assemblage being put aside as an intractable problem (cf White 1972:24). 
More recent analyses (Gorecki 1989, Fullagar 1989 and Brass 1993, 1998) 
have suggested, however, that economic data can be derived from all 
components of these assemblages. This is the key starting point for further 
analysis of highlands New Guinea assemblages. 
From an archaeological perspective, therefore, highlands New Guinea 
chipped stone assemblages have the great disadvantage of having defied 
European-derived models of stone artefact categorization. Nonetheless, testable 
patterns have emerged from previous analyses and these provide the basis on 
which this analysis of the Nombe assemblage will build. 
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Typology by form and function: S.E. Bulmer 
The initial analysis of a set of chipped stone assemblages from highlands 
New Guinea used a strictly typological approach. It sought to examine a 
number of questions, but primarily to establish a local sequence of stone 
implements from which the character of external influence and immigration 
could be assessed. The importance of highlands sites was seen in their potential 
to offer relatively long and continuous occupation without outside intrusion. 
Further, the highlands were seen as an area with relative ecological 
homogeneity, internally related linguistic groupings and cultural and genetic 
continuities with the past (Bulmer 1966:14). Most importantly of all, the "stone 
age" was still within living memory, offering, it was hoped, unprecedented 
access to functional interpretation of stone artefacts (Bulmer 1966:12). Complex 
archaeological sequences,1 therefore, were not predicted (Bulmer 1966:9). More 
broadly, it was hoped that the analysis of the stone assemblages would allow 
the examination of possible links with Southeast Asian and Australian 
assemblages, in particular the pre-microlith period, and the stratigraphic 
relationships between the stone artefact types falling in the post-Pleistocene 
period (Bulmer 1966:4-8). 
Although adopting a typological approach, Bulmer (1966) attempted to 
give it greater analytical value by linking the typology to function, rather than 
form. In her careful recording of all ethnographically known stone artefacts 
(Bulmer 1966:36-63) a major discontinuity emerged. Ethnographers observed a 
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much greater range of stone artefacts than have emerged archaeologically and, 
conversely, archaeological excavation turned up artefacts for which there was 
no ethnographic record (Bulmer 1966:63). The only area of convergence 
between the ethnographic and archaeological assemblages, apart from the axe, 
was unmodified flakes and hammerstones used for making axe blanks (Bulmer 
1966:38). Retouched flakes were not recorded ethnographically, "but some 
certainly must have existed or been made within European contact" (Bulmer 
1966:38). The result was that the ethnographic record provided insufficient 
evidence for the functional interpretation of archaeological assemblages, which 
led to a resort to "commonsense" categories, although these were noted as not 
being discontinuous, so that artefacts could potentially fall across or between 
classes (Bulmer 1966:62 and 86). 
The typology developed by Bulmer (1966) formed a twofold 
interpretative framework for the two sites, Kiowa and Yuku, excavated for her 
original study (Table 3.1). First, on the basis of their changing proportions 
across site stratigraphy, the artefact types were used to create a typological 
framework. Second, based on inferred function, the typology was used to create 
a model of site occupation and activity for highlands Papua New Guinea. 
Subsequently, other data were incorporated into the original typology, such as 
faunal and environmental evidence, and the chronology was expanded to take 
in most archaeological sites in highlands Papua New Guinea (Bulmer 1975). 
This much broader model of chronology and site function then allowed 
regional comparisons to be made (Bulmer 1975:43-46). 
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General artefact class Further divisions 
Pebble tools 
Large flake tools Utilized without retouch 
Worked flakes with thick opposite margin 
I 
Utilized flakes without retouch (smaller than previous category) 
Tools with retouch 
Waste flakes 
Abraded artefacts 
Cores Small highbacked cores (i) 
Large highbacked cores (ii) 
Irregular cores (iii) 
Irregularly shaped flakes with steep retouch (iv) 
Flat rectangular flakes (v) I 
Thick blade flakes with steep retouch (vi) 
Concave scrapers (vii) 
Flat disc scrapers (viii) 
Thick back scrapers (ix) 
Nosed tools (x) 
Burins (xi) 
54 
Table 3.1: The classificatory system used by Bulmer (1%6:87-90) in her examination of a 
number of chipped stone assemblages from highlands Papua New Guinea. With this 
typology, Bulmer established the practice of viewing cores as tools in New Guinea 
archaeology. The Roman numerals are used to indicate these types in Tables 3.2 and 3.3. 
Kiowa rockshelter 
The site of Kiowa is located quite close to Nombe and shares several of 
its characteristics, including rock art and proximity to water, although it is some 
200 metres lower in altitude (Bulmer 1966:90, 1975:35). The stratigraphy of the 
site was divided into twelve layers, with Layer 12 radiocarbon dated to 10,350 ± 
140 (Y-1366) years bp and Layer 3 to 4,480 ± 140 (Y-1371) years bp (Bulmer 
1975:35). 
The artefacts at Kiowa (Table 3.2) were amorphous, with 66 percent 
waste flakes, followed by utilized flakes at 9 percent and flat rectangular flakes 
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at 5.6 percent. Pebble tools formed only 2.6 percent of the assemblage.2 Pebble 
tools were unique to Bulmer's (1966) typology and consisted of flaked pebbles 
retaining about half their cortex: 
uPebble tools are implements made by steep flaking to produce a working edge 
on a waterwom pebble or thick flake from a waterwom stone. The dimensions 
of the finished tool are nearly those of the original pebble, with waterwom 
cortex generally visible on more than one side. The primary flaking, other than 
the working edge, which is present on a minority of these implements, seems to 
serve to flatten the pebble, rather than to alter its size or outline. Although 
common in the excavations, only one possible example of a pebble tool has 
been reported ethnographically" (Bulmer 1966:87). 
The pebble tools represented a particular problem. No characteristics 
could be found on these artefacts that allowed variation to be seen at all, 
although, if chronology was ignored, the pebble tools formed three distinct 
clusters by length and weight and edge location (Bulmer 1966:110). It was 
argued that these artefact groupings might have been function.al. Further, no 
use wear was observed on the artefacts, leading Bulmer (1966:113) to suggest 
that they may have been used for butchery. The implications of this argument, 
however, are that the pebble tools in the site were used for the same purpose, 
without variation, for almost 8,000 years, which also determined their 
morphology for the same period. A similar suggestion was advanced for the 
artefacts showing retouch (Bulmer 1966:114). This was taken as evidence of the 
continuity of the nature of human occupation of the highlands (Bulmer 
1966:154). 
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On the basis of the stone assemblage, the occupation of Kiowa was 
divided into four phases, A (oldest) to D (youngest): 
• Phase A was characterized by the use of pebble tools and small retouched 
flake tools. During this phase the site was used as a hunting camp. 
• Phase B involved the use of axes and waisted blades, as well as small 
retouched flake tools, at the site, which was again used as a hunting camp; 
• Phase C showed artefacts very similar to those from the previous phase, 
although a change was perceived from lenticular cross-section axes to those 
with a planilateral cross-section, perhaps indicating the first exploitation of 
axe quarry sites. The site was still used as a hunting site; 
• Phase D, the final phase, saw the abandonment of the site and its use for 
interring the dead (Bulmer 1966:114, 1975:36). 
From the analysis of the stone artefact assemblage at Kiowa, an impression of 
unchanging occupation and activity was gained, which reinforced the view of 
cultural continuity in the occupation of the New Guinea highlands. 
Yuku rockshelter 
The site of Yuku, near the Yuem River, showed a number of differences 
to Kiowa, not the least of which is the site's antiquity. The oldest date, 12,100 ± 
350 (GX-3112B) years bp, came from about the middle of the stratigraphic 
sequence, with a further 150 centimetres of deposit below it (Bulmer 1975:30). 
Table 3.3 sets out the primary components of the stone artefact assemblage, 
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which includes a cache of 15 waisted blades (Bulmer 1966:130), in strata dated 
between 9,780 ± 150 (ANU-358) years bp and 6,740 ± 230 (GX-3113A) years bp 
(Bulmer 1975:30). Further, the site showed two artefact types not found at 
Kiowa: the large flake tool and the biface. At Yuku large flakes were 
analytically separable from the remaining flake population, whereas at Kiowa, 
while similarly large flakes did occur, they formed a continuous population 
with the rest of the flakes (Bulmer 1966:88). The bifaces appeared to be either 
well-fashioned thick blade flakes with steep retouch (vi of Table 3.1) or 
miniature axe blanks. Curiously, these artefacts were restricted to the earliest 
phases of occupation at Yuku. A function is not suggested (Bulmer 1966:134), 
although a relationship between them and waisted blades could be posited. 
Despite these differences, the overall assemblage at Yuku is very similar 
to that at Kiowa, with 75.5 percent being waste flakes, 7.1 percent utilized flakes 
and 0.8 percent pebble tools (Bulmer 1966:129a) and the only real difference the 
lesser importance of pebble tools. On the basis of the stone artefact assemblage, 
the occupation was divided into eight phases, from A (oldest) to H (most 
recent) (Bulmer 1966:135, 1975:30): 
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. ·. .... I L 
Laver .· ··•·· .· .. · ...... 2 •.· 3 .......... > 4 • .. 5 r .. < 6·· .. ···· ... 7 .. 8 .... · 9 10A 10B .. 1l 12 
Arlefact·type •· ...... ··• ··•···.·.···· .·••· ... .. i .·• .. ·····.•·.· .. · .. . ·.···.· · . .·. > .•••..•. > ··•····· ..• · 
Axes/waisted blades 13 1/1 3/1 
Pebble tools 11 5 5 6 2 8 5 1 1 2 2 
Utilized flakes 35 8 17 6 9 16 34 13 6 14 6 
Tools with retouch i 42 4 15 10 4 8 3 2 2 
ii 6 1 1 
iii 
iv 21 12 8 9 5 7 17 4 2 1 6 
v 20 9 12 3 6 18 19 6 2 
vi 21 5 9 6 1 2 1 1 
vii 2 1 1 9 4 5 1 
viii 2 1 5 1 
ix 2 1 4 1 1 
x 1 1 2 1 1 
xi 2 2 1 
Use-polished flakes 2 1 1 
Waste flakes 226 59 92 325 98 21 69 
Table 3.2: The primary components of the stone artefact assemblage from Kiowa (data from Bulmer 1966:95-109). 
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Axes/ waisted blades 1 2/1 0/3 0/2 0/9 0/4 0/2 
Pebble tools 4 3 3 1 3 
Utilized flakes 3 2 21 18 9 7 1 8 
Large flake tools 3 2 1 1 2 6 2 
Tools with retouch i 7 14 8 10 4 7 
ii 2 1 
iii 11 I I 1 
iv 15 7 51 4 
v 5 7 
vi 
vii 2 2 5 1 11 I I 1 
viii 1 
ix 
-
x 
xi 
Use-_eolished flakes 
Waste flakes I 221 s1 I 246 I 164 I 128 I 70 I 51 31 I 61 17 l I 17 
Table 3.3: The primary components of the stone artefact assemblage from Yuku (data from Bulmer 1966:118-129). This table does not include 
those artefacts of uncertain provenance from the" crevice" (Bulmer 1966:128-9). 
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• Phase A was characterized by a waisted blade assemblage and the presence 
of small retouched tools, during which time Yuku was a hunting camp; 
• Phase B was without evidence, the deposit perhaps having been washed 
away; 
• Phase C showed an identical assemblage to Phase A, with the addition of a 
grindstone and some grinding of larger tools; 
• Phase D was the same as Phase C, but without axes; 
• Phase E was identical to previous phases, but with lenticular cross-section 
axes; 
• Phase F was marked by three human burials; 
• Phase G showed planilateral axes and small retouched tools, while the site 
was described as a cooking area; and 
• Phase H showed planifateral axes and unretouched small tools. 
In essence, prehistoric human activity at Yuku, with the exception of the two 
most recent phases, was the same as at Kiowa. The most important 
technological discovery was the application of grinding to a waisted blade in 
Phase C. Bulmer (1966:136) saw this as an attempt to improve the functional 
characteristics of the type, perhaps at a time when traded ground axes were in 
short supply. Further, this was linked to the possible beginnings of forest 
clearance in the area (Bulmer 1966:136), between around 12,000 and 9,000 years 
ago (Bulmer 1975:30). 
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Synthesis 
The overall similarity of the results from Kiowa and Yuku led to the 
initial proposal of a three-phase prehistory of the Western Highlands: 
• Phase I, during which the area was occupied by "non- or pre-Neolithic 
people", hunter gatherers of the forests and grasslands, whom entered the 
area around 10,400 years ago (Bulmer 1966:156); 
• Phase II, a hunting phase beginning about 6,000 years ago, during which a 
number of economically and socially important items, such as pigs, waisted 
blades and ground axes, and possibly root crops, found their way into the 
highlands. Subsistence during this phase was seen as still heavily dependent 
upon hunting and gathering as a result of the slow growth cycle of lowland 
root crops in the highlands (Bulmer 1966:150-7);and 
• Phase III, which, not defined archaeologically, was marked by sweet potato 
gardening and pig raising and occurred in the last few hundred years. The 
inhabitants of this phase were seen as the direct cultural descendants of the 
previous phases (Bulmer 1966:158). 
Subsequently, on the basis of evidence from other excavated highlands sites, 
Bulmer (1975:44-6) refined her model to a five-phase interpretation, but it 
remained the same in essence. From a technological perspective, perhaps her 
most important theme is the one of external influences on the stone tool 
technology of the highlands. Although noting that the chipped stone artefacts 
bore little resemblance to anything from either Australia or Southeast Asia and 
that the impression from the sites, and especially Kiowa, was one of continuity 
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(Bulmer 1966:151and154), she felt that the first phase artefacts were closer to 
contemporary artefacts from Japan than anything else (Bulmer 1975:43). She 
also argued that the planilateral axe originated in Southeast Asia over 8,000 
years ago and had been introduced to the highlands of New Guinea by 
Austronesian-speaking people over 3,000 years ago (Bulmer 1975:45). The 
waisted blade was also seen as an introduced type, predating the introduction 
of the axe, and its rapid spread and ubiquity the result of its comparative ease 
of manufacture with the use of local stone (Bulmer 1966:152-3). 
The open site of Waftelek 
Bulmer (1966:83) saw a weakness in basing general conclusions about 
prehistoric activity on the excavations at Kiowa and Yuku because of the very 
specific nature of the function of rockshelter sites in the modem period. She 
sought to rectify this through the excavation of an open site at W afielek (or 
Wafilek) in the Kaironk Valley (Bulmer 1973, 1991). The stone assemblage 
(Table 3.4) appeared to confirm her doubts (Bulmer 1991:474). 
The excavations at Wafielek revealed five stratified occupation horizons 
(Bulmer 1991:471). Radiocarbon dates ranged from 15,100 ± 450 (GX-3331) years 
bp for the earliest occupation through to 2,840 ± 90 (I-6861) years bp for later 
occupation (Bulmer 1991:473). The most recent occupation of the site was 
around the beginning of the twentieth century (Bulmer 1991:472). The 
stratigraphy of the site is not entirely clear, however, and has been subject of 
some debate (cf Spriggs 1996:334). 
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Flakes and cores 2 15 22 39 3 
Grinders, indstones 1 4 4 6 4 
Slate tools 4 3 4 
Axes 4 1 5 
Table 3.4: The primary components of the excavated stone assemblage at Wafielek 
(after Bulmer 1991:474). With all the flaked components of the assemblage lumped 
together as "flakes and cores", it is very difficult to relate the categorization used at 
Wafielek to that at Kiowa and Yuku. 
The most unusual aspect of the stone assemblage at Wafielek was the slate 
tools, which, aside from the flakes and cores, were the dominant type. In 
addition to those from the excavated assemblage, a much larger number came 
from the unstratified deposit at the site (Bulmer 1991:474). These artefacts were 
apparently manufactured by retouching naturally fractured tabular forms of 
slate. Some artefacts were shaped through the reduction process, others simply 
given an edge. It was suggested that some, but not all, might have been digging 
tools (Bulmer 1991:474). The chipped stone assemblage also contained "drill 
points" and "blade points" (Bulmer 1991:476). 
On the basis of the unusual artefact types (for the highlands at least), 
Bulmer (1973:18 and 21) initially suggested that Wafielek was settled by people 
from outside the area. Although subsequently arguing that an indigenous 
highlands development of such a toolkit was possible, the "drills" were seen as 
almost certainly an external type. Nonetheless, on the basis of Wafielek, Bulmer 
(1991:476-7) pointed to the possibility of the nascent development of microlithic 
technology in the New Guinea highlands, a tantalizing prospect. 
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The dominant type in Bulmer's (1966, 1975) schema (apart from 
unmodified flakes) was pebble tools. Despite these apparently being ad hoc tools 
manufactured and discarded as immediate needs required, they appeared to be 
a consistent type that outlasted all others, even in the face of major 
technological change, such as the introduction of the axe (Bulmer 1964:264). 
The pebble tool, one of only two classes that were satisfactorily 
identified, the other being waisted blades (Ballard 1986:53), is symptomatic of 
attempting to apply a strictly typological approach to highlands New Guinea 
stone assemblages. As classified, the term pebble tool could equally well 
describe a core derived from a river pebble. Indeed, it was the presence of 
pebble cortex, of no functional and minimal technological import, which 
allowed pebble tools to be identified. In other words, pebble cortex, rather than 
functional or technological features, defined the type and allowed it to stand 
out from the rest of the flaked assemblage, 90 percent of which Bulmer did not 
analyze (White 1967:52). Furthermore, defining an artefact type on the basis of 
raw material characteristics, as opposed to functional or technological features, 
made it impossible for later researchers to replicate the methodology (White 
1967:74). This, and its inability to cope with the majority of amorphous artefacts 
that made up the bulk of highlands stone assemblages, sounded the death knell 
for the traditional typological approach to stone tools in New Guinea. 
Chipped stone artefacts in highlands New Guinea 65 
Ethnography of the edge: J.P. White 
The disjunction between archaeologically known and ethnographically 
recorded stone tools dogged early attempts to develop a classificatory system 
for stone artefacts excavated from prehistoric sites in highlands New Guinea. 
Despite this, the ethnographic attraction of a society that had only left the 
"stone age" in the 1930s was strong for archaeologists. Indeed, observations of 
contemporary stone working essentially formed the entire theoretical basis of 
White's (1967) methodology for dealing with the amorphous highlands 
prehistoric assemblages. 
A new approach to stone artefact analysis 
The technology that White (1967, 1969; White and Thomas 1972, White et 
al 1977) witnessed in the mid-1960s was ad hoc. Artefacts were chosen for use 
from the flaked assemblage on the basis on the potential of their edges to 
achieve the task at hand. The overall form of the artefact was of no importance 
(White 1967:75 and 116, 1969:22; White and Thomas 1972:278; cf. Watson 
1995:91). Stone artefact manufacture was clearly driven by task-based 
requirements, the tasks were achieved by the edge, not the artefact as a whole, 
and therefore the edge should be the basic unit for analysis (cf. Shawcross 1964). 
Furthermore, the edge was thus a record of the discrete (functional) processes 
involving the artefact (White 1967:78, White and Thomas 1972:282). This was a 
methodological approach that offered some hope of deriving meaning from an 
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amorphous industry by examining its functional bases (Ballard 1986:55; cf. 
White 1969:23). 
The analytical methodology built upon White's (1969:25-7) classificatory 
system (Table 3.5) was fivefold: 
1. the description of the implements, with each treated as a unit; 
2. the description of the implements using the edge as a basic unit, a feature of 
this step being that measurements of observations were taken off an 
implement as many times as there were edges; 
3. the description of each edge by measurements and attributes; 
4. correlation calculations between some attributes; and 
5. the attempted definition of types on the basis on the analysis (White 
1969:32). 
The result of the adoption of this methodology resulted in essentially two 
analyses: one focussing on implements and another using edges. Overall, 
however, the methodology was directed almost entirely at assessing edges, and 
their role in defining functional types, than examining the relationship between 
edges and the assemblage that produced them. 
Application to excavated assemblages 
White (1967, 1972) excavated four sites in the Eastern Highlands (see 
Table 3.6 for the chronologies). With the exception of Nombe, the stratigraphy 
of which was at that time unclear, the stone assemblage from each was 
analyzed using the edge-based methodology. The most detailed analysis used 
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the assemblage from Batari, from which 615 implements (artefacts with 
secondary retouch or use wear) could be identified (White 1972:24) (Table 3.7). 
Wholeness 
Basic artefact 
Overall attribute 
Dimensions of basic artefact 
Nature of the base of the edge 
Preparatory flaking 
Edge wholeness 
Edge dimensions 
Edge shape 
Retouch type 
Angle of retouch 
Use wear 
Wholeness of use wear 
Use wear dimensions 
Use wear shape 
Angle of use wear 
Relationship of retouch and use wear 
Attribute ualities 
Complete in relation to working edge 
Core 
Lump 
Flake 
Trimming flake 
Pebble 
Length 
Breadth 
Thickness 
Weight 
Cortex 
Break 
Negative or positive bulb 
Indeterminate 
From base or top 
None or unclear 
Length 
Depth 
Straight 
Concave 
Convex 
Wavy 
·Light ot heavy step flaking 
Unifacial or bifaciarflaking 
Chattering 
Bifacial chipping 
Utilization 
(as for edge) 
(as for edge) 
Table 3.5: The classificatory system developed to analyze highlands New Guinea stone 
artefact assemblages on the basis of the altered edge (after White 1969:25-7). 
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I Horizon/Site Batari Aipura Kafiavcuia I · 
I 
II 
m 
IV 
v 
VI 
VII 
VIII 
IX 
850±53 (ANU-39) 
;:::8,230±190 (ANU-38b) 
770±100 (GaK-622) 
3,800±110 (GaK-623) 
4,690±170 (ANU-42) 
9,290±140 (NZ1026) 
>9;500 (ANU-20) 
;:::10,730±370 (ANU-41b) 
Table 3.6: The radiocarbon dates from the sites excavated by White (1967, 1972);; 
excluding Nombe. Only the results preferred by the laboratories are given. 
1. Whole retouched tools 32 51 64 44 191 
a. Sera :rs total 32 S1 63 44 190 
i. side 7 12 12 10 41 
ii.end 3 3 8 4 18 
iii. double side 4 3 7 3 17 
iv. side 8Jl4 end 4 10 6 23 
v. side an4 double enq 1 1 1 3 
4 3 3 10 
3 3 
9 19 23 20 
· b. B~adal retouch use 1 1 
2. Bro~ retouched tools 68 102 
3. Utilized ieces 23 20 29 
4. Cores 6 4 2 2 14 
Table 3.7: The implements from the assemblage at Batari (after White 1972:26). The 
assemblage also contained over 17,000 waste flakes and core$, that iS, those not showing 
secondary retouch o:r use wear (White 1972:24) and five hammerstones (White 1972:30). 
Forming around 97 percent of the Batari assemblage, thiS debitage was subjected to 
only the m.ost rudimentary analysiS. 
In one sense, White's (1967, 1969, 1972) methodology was strictly 
typological, with the division of the flaked implements according to their 
morphology, albeit by the placement of the functional edge. Consistent with 
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this typological methodology was White's approach to describing the 
implement assemblage and its variability. Edge shape provides an example of 
this. The implements were divided across four edge shapes and variation in this 
division could be observed over time. White's (1969:36) results from Batari 
appear to show little variability in edge shape over time (Table 3.8). 
II 
Ill 
IV 
21.4 74.1 4.5 112 
28.3 65.1 6.6 166 
24.4 66.2 9.4 160 
Table 3.8: The division into whole edge shape (percent) of the Batari assemblage (after 
White 1%9:36). 
Curiously, "probably whole" edges_ gave a different set of results, with a greater 
tendency to straight, rather than concave, edges. It was suggested that this 
might have been the result of breakage effectively straightening the edge by 
removing a curved end. (White 1969:36). This points to a flaw in this typology. 
· It is unclear how an implement was defined as whole or not (White 1967:79-80), 
and given that concave edges were longer than straight edges on whole 
implements anyway (White 1969:36), it is difficult to reconstruct this division of 
edges. As with Bulmer's (1966) typology, so too is White's (1967) has been 
accused of not being replicable (Ballard 1986:57). 
Beyond an intuitive typology based on edge morphology, two sets of 
metric variables were used, one set referring to the shape of implement and the 
other set referring to the edge (White 1969:25-7). The first set of variables was 
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not overly useful, indicating that all implements were pretty much square 
(White 1969:34). A metric "indentation index" on concave edges showed a 
similar invariability in the industry (White 1969:37). Edge angle seemed more 
profitable, apparently indicating the selection of edges for different functional 
needs. Retouch generally occurred on steeper edge angles than unretouched 
edges showing utilization (White 1969:38), although this may in part have been 
a byproduct of retouch occurring on thicker implements (White 1969:40). 
Despite this apparent difference, however, the combined distribution of edge 
angles across all horizons was unimodal (White 1969:38-9), perhaps indicating 
that the edge angles were all part of one population, regardless of retouch or 
use wear. Nonetheless, this apparent difference between retouch and 
utilization, with the underlying metrical differences of each, which are probably 
impossible to differentiate statistically, was used to suggest two possible types 
in the Batari assemblage, and possibly the only rigorously observable types in 
highlands New Guinea (White 1969:45). 
Beyond defining these two types on the basis of edge modification, 
White identified some larger trends in New Guinea highlands chipped stone 
assemblages. 11 Chunkiness" was seen as a defining characteristic of the Eastern 
Highlands implement assemblage, along with the use of the bipolar technique 
as a component of the reduction sequence (White 1968). Most importantly of all, 
however, was the perceived decline in the use of retouched artefacts in at least 
the last 1,000 years, but possibly as early as from 4,000 years bp (White 
1972:147-8). 
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In addition to these purely technological trends, White (1972:147-8) 
significantly refined Bulmer' s (1966) system of phases and proposed a series of 
general benchmarks: 
1. 26,000 years bp: seasonal exploitation of the New Guinea highlands, with 
intermittent occupation; 
2. 11,000 years bp: semi-permanent occupation of the highlands by small 
·- I groups of hunter-gatherers in the main valleys; 
3. 6,500 years bp: first major economic change with the introduction of the pig. 
The planilateral axe was possibly introduced shortly after this. Evidence for 
extensive forest clearance in the Wahgi Valley is accompanied by an 
apparent shift in the use of rockshelters, with their gradual abandonment 
(White 1967:447); ' 
4. 2,500 years bp: horticulture firmly established; and 
5. 400 years bp: sweet potato introduced. 
Accompanying this entire model was essentially the same stone toolkit. 
Waisted blades and axes aside, the flaked stone assemblage changed only 
gradually until around 4,000 years bp, when a decline in the use of retouched 
artefacts began, a process which appeared to accelerate after 1,000 years bp 
(White 1972:147-8). 
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Manim (2): J.T. Mangi 
Mangi (1984:87) applied White's methodology to the analysis of the 
flaked stone material from Manim (2) rockshelter (1,770 metres asl) in the 
Wurup Valley. He also introduced the additional step of frequency analysis 
using the debitage component of the assemblage. Mangi' s approach fell 
uneasily between a typological approach that looked only at implements and a 
metrical attribute-based methodology that also attempted to analyze the 
underlying assemblage that produced the implements. 
Manim (2) was excavated by Christensen (1975) and the site's 
stratigraphy divided into six, layers, the fifth of which was further broken down 
into three phases (Table 3.9). The layers were based on a combination of visible 
stratigraphy and radiocarbon determinations (Mangi 1984:18 and 23), while the 
three phase$ in Layer·v were based on the vertical distribution and density of 
cultural material within the deposit (Mangi 1984:26-7). 
La er/Phase 
Layer I (0-20cm) 
Layer IT (20-SOcm) 
Layer ID (50-105cm) 
Layer IV (105-145cm) 
Layer V (145-250cm) 
Layer Va 
Layer Vb 
LayerVc 
Layer VI 
General descri tion 
Cooking pit, possible shallow hearths in a 
clay-rich sediment 
Dark organic-rich sand with much evidence 
of cultural activity 
Sand, very few artefacts 
Charcoal and flakes in upper half, lower 
half almost culturally sterile 
c. 400-2,380 years bp 
Base c. 2,300 years bp 
Base c. 3,600 years bp 
Dark organic deposit with many stone c. 5,680 years bp 
artefacts 
A division based on soil colour and texture c. 8,000 years bp 
A basal layer between Vb and Layer VI 
Basal layer of white sand between closely Base c. 10,000 years bp 
packed rocks 
Table 3.9: The stratigraphic layers and phases at Manim (2), including chronology (data 
from Mangi 1984:15-17 and 26-7). 
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The analysis of the Manim (2) assemblage was divided into two 
components: the debitage and the flaked implements. The identification and 
classification of the latter was based on White's typology (Mangi 1984:82). The 
assemblage sample taken for analysis consisted of 26,281 pieces of flaked stone, 
of which 618 (2.4 percent) were identified as implements (Mangi 1984:103 and 
120). Unlike at White's sites the assemblage was dominated by a variety of 
volcanic stone types, with a small amount of mudstone (5.5 percent) and chert 
(5 percent) also present (Mangi 1984:76). This pattern did not change over time 
(Mangi 1984:142). 
The results from the debitage analysis for the Manim (2) assemblage 
were not revealing. The ratio of cores to flakes remained constant throughout 
the deposit (Mangi 1984:140) and although evidence was present to indicate a· 
decrease in the size of artefacts over time (cf Mangi 1984:138-9), this was 
dismissed as irrelevant because it was seen as pertaining only to preferences in, 
and sources of, raw material, which were known to be local (Mangi 1984:141). 
The analysis of implements produced a similar · result of a 
chronologically unchanging assemblage, although, as with the debitage, a 
decrease in size was observed (Mangi 1984:149, 150). Mangi (1984:153-4) 
attributed this to a bias in the sample produced by the presence of large pebble 
tools (as defined by Bulmer 1966:87) in Layers Vb and Ve, which led him to 
accept the validity of these as a distinct implement type (Mangi 1984:154). No 
link was made between the concomitant decrease in size in the debitage 
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component of the assemblage and Mangi (1984:160) concluded that the analysis 
of the lithic material had provided little hl the way of evidence for interpreting 
prehistoric human activities at Manim (2). The only link he saw between the 
flaked assemblage and subsistence was the possible use of the ''uncertain'' 
category of debitage as tools to break open Pandanus kernels (Mangi 1984:142-4, 
165). No residue analysis was undertaken to test this hypothesis, although 
carbonized fragments of Pandanus dominated the charcoal sample from Layer 
Vb (Mangi 1984:35). Mangi (1984:166) concluded that during the peak of 
activity at Manim (2) between about 9,000 and 7,000 years ago it was site 
devoted to Pandanus exploitation and flaking stone. The sheer amount of stone 
certainly makes this latter point plausible, while the presence of significant 
amounts of Pandanus offers a tempting explanation for the site's visitation. 
Beyond this, however, Mangi felt unable to say anything more about the stone 
technology at the site. 
From Mangi's data (1984:III.1-III.5) itis possible to make some tentative 
statements about chronological changes in the stone technology at Manim (2). 
These changes are reflected in the mean weight of cores and flakes across the 
layers in the site (Figures 3.3, 3.5 and 3.5). 
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Figure 3.1: Mean core and flake weight for the chert assemblage from Manim (2) (data 
from Mangi 1984). 
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_ Figure 3.2: Mean core and flake weight for the mudstone assemblage from Manim (2) 
(data from Mangi 1984). 
250 
200 
150 grams 100 
50 
O+-........ _uiiL-.,....;:&....J..-.-~......i-._..,....L..__.,....Lo-..,....i..;=i.., 
II Ill IV Va Vb Ve VI 
Layer 
lllllCores 
DFlakes 
Figure 3.3: Mean core and flake weight for the volcanic stone assemblage from Manim 
(2) (data from Mangi 1984). 
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For volcanic stone flaked at Manim (2) there is a marked tendency for the 
cores to be bigger in the earlier layers (Figure 3.5). Mudstone shows a similar 
result, although this material, except for an isolated occurrence in Layer II, was 
not flaked after the period covered by Layer Va (Figure 3.4). Chert, on the other 
hand, peaks in size in Layers Va and Vb, although its cores are very much 
smaller than its volcanic or mudstone counterparts (Figure 3.3). Without other 
data relating to the reduction sequence at Manim (2) these weight data are 
difficult to interpret. It appears, however, that smaller cores were flaked in the 
more recent period, perhaps reflecting the discard of cores at the site that had 
started their reductive life elsewhere. This may have resulted from reduced 
visitation to the site as human subsistence activities focussed on the valley 
below (cf. Mangi 1984:170). Furthermore, only the use of volcanic stone lingered 
on into this period and flaking mudstone and chert ceased, indicating a 
narrowing of raw material preferences on the part of the Manim (2) stone 
workers. Given the intense reduction of the chert in the earlier layers, shown by 
the very small size of some of the cores at discard, this perhaps marks a 
decrease in the importance of the flaked assemblage. It was no longer worth the 
effort to procure and flake small chert nodules. The coarser grained volcanic 
stone sufficed. 
Two chronological changes, therefore, can be seen in the stone 
technology at Manim (2). First, there is a trend towards using smaller cores, and 
thus producing smaller flakes, perhaps marking a shift of technological activity 
away from the site. Second, there is a narrowing in raw material pref~ence, 
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probably indicating the decreased importance overall of the chipped stone 
assemblage. These changes, however, were not perceived in the original 
analysis of the Manim (2) assemblage, primarily because the methOdology 
. adopted focussed the analysis of implements defined on the basis of edge types. 
Although implements also decreased in size over time (Mangi 1984:150), the 
failure to link this with a similar pattern in the debitage component of the 
assemblage led to a belief that the assemblage had not changed significantly. 
The result was an analysis that concluded that the chipped stone assemblage 
had little to offer in reconstructing human activity at the site. 
Ethnography and archaeology: the lessons from Duna 
Although not made explicit in the analysis of the archaeological material, 
ethnographic evidence indicates that a major shift in artefact shape may have 
occurred in conjunction with the decline of retouched artefacts. Although White 
(1%7:450) saw the stability of the highlands stone assemblages as justifying the 
application of ethnographic evidence to determine the basis of a functional 
typology, it is apparent that the preferred flaked stone implement 
ethnographically observed could be quite different from their 11unchanging'' 
archaeological counterparts. A detailed ethnographic study undertaken by 
White et al. (1977) was directed toward determining preferred artefact 
characteristics chosen by modern Duna stone workers, and thus something of 
the cognitive basis of highlands New Guinea assemblages. This study provided 
metric data for are kou, implements that can be hafted, that is, which were 
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chosen as most usable (White et al. 1977:381). It is possible to compare the Duna 
metric data to the archaeological assemblage from the most recent horizon at 
Batari, which, because of its detailed analysis in White 1969, is a very useful 
assemblage for this purpose and against which to assess other contemporary 
archaeological stone collections as well. The study itself (that is, White et al. 
1977), however, did not make this comparison: rather, it was concerned with 
looking at inter-group variability between the preferred selections of stone 
workers (White et al. 1977:380). Such differences did not emerge (White et al. 
1977:387), and, indeed, raw material appeared to be far more influential over 
choice of are kou than morphological features, although this could not be 
quantified statistically (White et al. 1977:388). 
Batari HI 51.1 3.7 2.9 0.7 
Are kou 100.0 
Table 3.10: The breakdown of the Horizon I assemblage from Batari and the 
ethnographic are kou artefacts by weight groupings (percent). A X2 lest (While 1969:32) 
indicated that there was no significant difference in weight of artefacts between 
Horizons I and IV at Batari (data from White 1969:32 and White et al. 1977:385). 
It is apparent from the comparative data (Tables 3.10 and 3.11 and 
Figures 3.4 and 3.5) that the are kou are different from their archaeological 
counterparts in almost every respect. Are kou were significantly smaller, showed 
greater variability in overall shape within a more elongate preferred mode 
(Figures 3.4 and 3.5), and overlapped with their Batari counterparts only in 
edge angle (Table 3.11). Some differences emerge even here, however, with are 
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kou edges spread over a greater range of edge angles, despite the majority of are 
kou and Batari specimens falling in the 30 to 59 degrees range. Watson (1995:91) 
also observed the use of relatively low edge angles. Two explanations can be 
advanced to explain the differences between the archaeological and 
ethnographic assemblages. 
Arekou 
12.2 
... ·s5-it 
12.0 17.0 16.0 13.0 15.0 7.0 3.0 
Table 3.11: The breakdown of the Horizon I assemblage from Batari and the 
ethnographic are kou artefacts by edge angle (percent). The sample of "utilized" 
implements from Batari was used as this closely matched the unretouched are kou. A X2 
test (White 1969:39) indicated that there was no significant difference in edge angles 
between Horizons I and IV at Batari (data from White 1969:39 and White et al. 1977:385). 
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Figure 3.4: The length/breadth index spread for the Horizon I assemblage from Batari. 
The index expresses length as a percentage of breadth: a square artefact would have a 
value of 1 (100% ). A very small number of implements from Batari had a length 250 to 
300 percent that of breadth, but such elongated examples were atypical (data from 
White 1969:35). 
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Figure 3.5: The length/breadth ratio spread for the sample of are kou. This measure is 
effectively the reverse of that used at Batari. This shows the are kou to be more elongate 
and spread over a broader range of shapes within that elongate mode (data from White 
et al. 1977:384), quite different from the Batari assemblage where squarer artefacts 
dominate. 
First, these differences could be symptomatic of the changes in the 
chipped stone assemblage that White proposes, that is, a decline in the use of 
retouch and a general simplification of the industry over the past 4,000 years or 
so, but especially in the last 1,000 years. Certainly, the are kou data appear to 
indicate the acceptance of a broader range of artefact shape (within a particular 
preferential range) and edge angle in defining a functional implement. The 
difficulty in accepting this hypothesis at face value, however, lies in the size of 
the are kou (White et al. 1977:384). 
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Figure 3.6: The weight range for are kou (data from White et al. 1977:385). 
All the are kou fall within the smallest weight category of implements 
from Horizon I at Batari, as do half of the Batari implements from that horizon. 
The patterning of the size of the are kou, however, is quite distinct, showing a 
marked preference for very small artefacts over a relatively narrow range and 
certainly one that is markedly more restricted than the archaeological 
assemblage (Figure 3.8). Further, the illustrations of preferred are kou shows 
them to be very small artefacts indeed, and relatively narrow (White et al. 
1977:384). From these data, it is apparent that the are kou were quite different 
from the implements from even the most recent horizon at Batari, diminishing 
the strength of the argument that ethnographic observations would provide 
data directly useful in the analysis of archaeological assemblages. 
A second, more plausible, explanation is that the Duna informants used 
by White et al. (1977) undoubtedly would have found are kou in the Batari 
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assemblage, most likely among the 17,000 pieces of debitage that were not 
analyzed in detail (White 1972:24). The question is one of the Duna stone 
workers' preferences and it is this that makes the are kou quite different from the 
Batari material. The variation in shape (but not size) is the result of the are kou 
being unmodified flakes and not, unlike their Batari counterparts, having been 
reduced in relative length, in White's (1967) terms, through retouch or use. 
In this regard, White's (1967, 1972) archaeological typology was intuitive 
(cf Ballard 1986:57): he was selecting his own are kou. The example of the Duna 
are kou makes it clear that functional implements were not typologically 
distinguishable, even on the basis of the edge, from a debitage assemblage. To 
confound matters further, a central feature in the identification of edges, 
retouch, simply did not occur ethnographically, except as a byproduct of 
attempting to remove flakes, not in the creation of a functional edge (White 
1967:76). This difficulty is dismissed on the basis of evidence from Aibura, 
which shows no evidence of the large numbers of very small flakes that such 
retouch, were it a byproduct of flaking rather than edge creation, would 
produce. Further, a stone worker would not have produced such small flakes 
anyway, since they were functionless (White 1967:77). The Duna evidence 
(White et al 1977) clearly contradicts at least this latter point, but generated no 
data as to how much debitage could be expected under this reduction regime. 
By concentrating on the functional component of stone implements, that 
is, edges, it was hoped to be able to perceive patterns in an otherwise formless 
industry. The key to this approach was regarding the implement "as the record 
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of a series of discrete processes which acted upon it, [rather} than as an attempt 
to create a specific formal type" (White 1967:78-9). This record, however, could 
not be perceived, as it was not possible to determine the sequence by which 
edges had been made on an artefact (White 1967:98). A sequential approach had 
to be discarded in favour of another form of typology, one that considered the 
formal and metric attributes of the edge rather than the formal and metric 
attributes of the whole artefact. As a result of adopting an essentially 
typological approach, the problem reemerged that the bulk of the stone in, the 
assemblages examined was simply unclassifiable. Undoubtedly the debitage 
component from the sites excavated provided many edges, but by taking the 
"altered edge" as the basic unit of analysis (White 1972:8), most of these were 
discarded from analysis because their use, or potential usefulness, had not 
altered the edge. Although a vast amount of data was amassed on the altered 
edges, its collection was predicated on the identification of the edge as formal 
type in the first place. 
In this context, justifying the focus on the altered edge as a result of 
ethnographic data is less meaningful. Although ethnographic observations 
indicated that the utility of the edge, rather than the overall shape of the tool, 
was the key to the selection of a tool for use, the typology that was created only 
loosely related to this premise. Formal types were classified on the basis of edge 
position, form and type rather than on overall morphology and, by allowing for 
a low degree of similarity between implements (White 1967:73), resulted in a 
typology that was unable to explain the factors operating behind the temporal 
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variation perceived in the chipped stone assemblages (cf. Ballard 1986:58). 
Further1 as the examination of the Duna are kou demonstrates, preferential 
selection did take place on the basis of artefact shape beyond simply edge 
utility. 
Typology of the edge: V.D. Watson and J.D. Cole 
Watson and Cole (1978) conducted perhaps the ultimate study of 
highland New Guinea stone artefacts based on the analysis of the edge. 
Although fundamentally no different from White's studies in using the altered 
edge as the basic analytical unit, and, indeed, with virtually identical 
ethnographic results (Watson 1995), Watson and Cole (1978:76) sought to 
develop empirically observable edge characteristics, which would remove the 
need to rely upon ethnographic data to infer function. 
The system 
The classificatory system adopted by Watson and Cole (1978:77) to 
analyze artefact edges was based upon four dimensions, across which occurred 
twenty-four modes (Table 3.12). Combined (Figure 3.9), this schema could 
produce 846 artefact classes, which were seen as an artifice necessary to plot 
distribution and change "since it is the classes, not the individual artefacts, that 
have distributions" (Watson and Cole 1~78:77). The object of this classificatory 
system was to create functional classes that could be compared directly to other 
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evidence of overall site function, such as hearths or pottery (Watson and Cole 
1978:76). As with similar analyses, only perceived implements were analyzed. 
Debitage, which formed about 83 percent (up to 88 percent if raw figures are 
used) of the assemblages analyzed, was not subject to further examination. 
Twenty-five site assemblages, each with over thirty implements, were chosen 
for detailed edge classification (Watson and Cole 1978:73). 
Modes Modes Modes Modes 
I-IV A-B 1-6 a-b 
Dimension: Dimension: Dimension: Dimension: 
kind of wear location of wear pro.file of wear piano/wear 
Artefact Class I 
Figure 3.7: A schematic representation of the process of classification adopted by 
Watson and Cole (1978). 
Having classified a large number of implements (3,674) according to this 
schema, it was possible to test the similarities across the site assemblages using 
coefficient calculations and frequency seriation (Watson and Cole:1978:119-25). 
This in turn allowed the creation of three classes of stone tool assemblages 
(Table 3.13). 
I 
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Dimension 
Kind of wear 
Location of wear 
Profile of wear 
Plan of wear 
Modes 
Mode I Chipping: exhibiting scars from detachment of chips 
Mode II Abrading: showing smoothing/ striations caused by rubbing 
Mode ill Crushing: showing loss of granular particles 
Mode IV Abrading and crushing: combination of Modes II and m 
Mode A: unifacial edge 
Mode 13: bifacial edge 
Mode C: surface - an external plane showing wear 
Mode D: surface and edge - ccroccurrence on two intersecting planes 
Mode E: point and unifacial edge 
Mode F: point and bifacial edge. 
Mode 1: symmetric edge 
Mode 2: asymmetric edge 
Mode 3: concave surface 
Mode 4: flat surface 
Mode 5: convex edge 
Mode 6: asymmetric and convex edge 
Mode a: concave 
Modeb:wavy 
Mode c: straight 
Mode d: convex 
Mode e: irregular 
. Mode f: convex and irregular 
86 
Table 3.12: The dimensions, and their constituent modes, which were combined to 
typologically describe an altered edge (Watson and Cole 1978:78-9). Under this schema, 
a ground 'edge axe is described as IVD6f and a stone with grinding grooves as IIC3c 
(Watson and Cole 1978:95, 98). 
Assembla e class Characteristic assembla e features 
ClassX >20% !Ala tools, <50% IA2a tools and <14% IA2b tools 
Class Y <20% !Ala tools, >50% IA2a tools and <14% IA2b tooJ.S 
Class Z >14% IA2b tools, <20% !Ala tools and <50% IA2a tools 
Table 3.13: The three assemblage classes, and their characteristic artefact proportions, 
as derived from statistical analysis (Watson and Cole 1978:123). 
All assemblage classes were dominated by debitage, but a number of 
category differences were observed on the basis of the analysis of perceived 
implements. Class Y assemblages were marked by "chunkier" stone 
implements than Oasses X or z. These latter assemblage classes contained 
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ground axes, which were not found in Oass Y assemblages (Watson and Cole 
1978:124-7). 
A difficulty exists in the use of coefficients of similarity by Watson and 
Cole (1978:119.ff) to put clusters of types in assemblage classes. As they admitted 
(1978:127), scaling the data differently, in intervals of ten, would have resulted 
in no clustering at all. It is apparent, therefore, that the assemblage classes are 
an entirely statistical construct and have produced patterns which the data will 
not necessarily sustain. This, in turn, has affected the overall appearance of the 
assemblages. Three spikes in the percentile data show, in order of dominance, 
IA2a, IAla and IA1d type tools to be the most common across the entire 
sampled assemblage (Watson and Cole 1978:120 and Figures 105, 106). IA2d 
type tools appeared to show a frequency similar to that of IAld type tools 
(Watson and Cole 1978: Figure 102), but did not appear in further statistical 
analysis. IAld type tools also dropped out of the analysis, perhaps as a result of 
the coefficient of similarity testing, and were replaced by IA2b type tools, which 
then had a small but important role to play in assemblage definition (cf Watson 
and Cole 1978:123). This inconsistency between the frequency and coefficient 
testing is not explained and the link between the frequency data and the 
assemblage classes appears weak as a result. 
Conceivably, the switch from of IA2d type tools to IA2b type tools may 
have taken place as part of the interval adjustment for the coefficient of 
similarity tests. Certainly, a comparison of the frequency· seriations (shown at 
Watson and Cole 1978: Figures 105, 108 and 109) indicates that IAld type tools 
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displayed a frequency virtually indistinguishable from IA1a type tools, which 
would have made it difficult to use the varying frequency of IA1d type tools as 
a distinct variable in assemblage classification. In other words, IA1a and IA1d 
type tools would have amalgamated in the coefficient of similarity tests and 
resulted in a failure of the sampled assemblage to split into clusters at all. IA2b 
type tools, on the other hand, fell neatly between IA1a and IA2a type tools in 
terms of frequency seriation (cf Watson and Cole 1978: Figure 108) and, 
although the difference appears minor, would have been sufficient to enable the 
coefficient of similarity tests to produce three clusters. 
Nonetheless, the assemblage classes were used as the basis for the 
traditions and phases that Watson and Cole (1978:131) used to construct their 
chronological and cultural model for the prehistoric occupation of the eastern 
highlands (Table 3.14). 
Tradition 
Nanoway Tradition 
Phase 
MamuPhase 
Tentika Phase 
Date range 
18,000 to 3,000 years bp 
3,000 to 290 years bp 
Assemblage class 
Class Y 
Class X 
Yofee Tradition Into the historic period Class Z 
Table 3.14: The cultural traditions and phases developed by Watson and Cole 
(1978:131-5) on the basis of assemblage classes and radiocarbon determinations from 
excavated sites, with the exception of the Yofee Tradition (Class Z artefacts), which was 
entirely known from surface collections (Watson and Cole 1978:134). 
The results 
The results from this analysis, using assemblage classes and cultural 
traditions based on stone artefact typology, indicated that there was a period of 
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occupation showing gradual change in the frequencies of artefact types until 
about 3,000 years bp. The economy was one of hunting and gathering, with 
human occupation confined to low valleys and river basins (Watson and Cole 
1978:135). The picture became less clear after 3,000 years bp. Frequency changes 
in the chipped stone assemblages continued, but more dramatic changes in 
ecology and economy occurred at some unknown point, resulting in the 
lifestyle observed in the historical period (Watson and Cole 1978:135). 
More broadly, Watson and Cole (1978:152) saw similar changes in 
artefact type frequency as having occurred at White's sites. On the evidence of 
structures, earth ovens and possible earthworks available through the 
excavation of open rather than rockshelter sites, Watson and Cole (1978:134, 
151) were able to make an argument for increasing sedentism during the 
Tentika Phase (Table 3.14). This change was seen as reflected in the evidence at 
Kafiavana, which was occupied on a lesser scale after about 4,500 years bp 
(Watson and Cole 1978:152). 
A number of problems emerge with the overall cultural tradition model 
analysis of highlands New Guinea prehistory as a result of the methodology 
adopted. The classificatory system for the artefacts was predicated upon the 
identification of edge wear, and thus inferred function, without any specific 
interest in actual function or the way in which the user may have viewed the 
artefact (Watson and Cole 1978:77, cf Ballard 1986:60). The use to which these 
artefact classes were put, despite having "no empirical existence" (Watson and 
Cole 1978:77), was dubious because of the use of functional origins to establish 
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the artefact classes regardless. On the basis of the frequency clustering of tool 
types, assemblage classes were created, which in turn were used to create 
explicitly cultural (not technological) traditions and phases, each with its own 
characteristic economy. Despite having been used to define the cultural history 
of the region, the stone artefacts were not then functionally, or analytically, 
linked to the other evidence excavated from the sites studied, thus failing to 
address the issue of site function (Ballard 1986:61). 
A major anomaly can be observed in the Mamu Phase (Table 3.14), which 
lacked the ground axe (Watson and Cole 1978:153-4), despite the close 
proximity of Kafiavana, from which were excavated axe fragments dated to 
well within period covered by the Mamu Phase (Cole 1996:13). To redress this 
problem, Cole largely abandoned the previous typology in a later paper 
(1996:12) and settled on a much simpler one based on a division of artefact 
types into "extractive" and "maintenance" tools. This was explicitly linked to 
wood working needs, using Hayden (1979) as a model. 
On the basis of this far simpler typology, Cole (1996:16) was able to make 
the argument that the Mamu Phase sites contained only maintenance tools, as 
opposed to extractive tools such as axes, because they represent "forays into the 
project area by outsiders". If, on the other hand, the Mamu sites constituted a 
series of functionally different sites occupied by the permanent inhabitants of 
the area, then the full range of both maintenance and extractive tools, including 
axes, would be expected (Cole 1996:16). Cole's (1996) methodology, with its 
difficulties in separating tool types (and thus the occupation sites) into 
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maintenance and extractive categories, only accentuates the failings of the 
earlier typological approach (Watson and Cole 1978) to advance explanations 
for intersite assemblage variability. 
Shape and function: P.P Gorecki and L.G. Brass 
More recent analyses of stone artefact assemblages from highlands New 
Guinea have been concerned with attempts to define regional variation (Ballard 
1986:61). The amorphous nature of highlands assemblages, however, seems to 
result in only very general patterns being observed. Nonetheless, as hinted at 
by the results from Wafielek (Bulmer 1991), there appears to be some 
differences between the highlands proper and the highlands fringe. 
The highlands fringe 
Part of a major archaeological· project in the Jimi Valley involved the 
excavation of Ritamauda rockshelter (see Table 3.15 for chronology). A sample 
of 2,680 stone artefacts was derived from this excavation, and although the 
examination of these was basic, it did not seek to identify implements and 
analyze only those. The entire assemblage (except cores) was considered 
(Gorecki 1989:159). The sole methodology adopted, in order to allow 
comparison with previous analyses, was to examine length/breadth and 
breadth/thickness ratios (Gorecki 1989:160). This is telling. It is apparent that 
Gorecki (1989) adopted this methodology in part because he could not 
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reconstruct anything beyond this use of ratios from previous analyses. Despite 
Gorecki's hopes (cf. 1989:163), however, it is not possible to compare Gorecki's 
(1989) data with White's (1967, 1969) data because the latter samples contains 
only those artefacts identified as implements rather than the complete sample. 
Nonetheless, some useful results obtain. 
Horizon I 250 years bp to modern 
Horizon IT 1,200 to 250 years bp 
Horizon ill 2,500 to 1,200 years bp 
Horizon IV 3,000 to 2,500 years bp 
Horizon V 3,500 to 3,000 years bp 
Table 3.15: The chronological sequence for Ritamauda rockshelter, based on 
radiocarbon determinations (after Gorecki 1989:155). 
It is apparent from the data from Ritamauda (Figures 3.8 and 3.9) that at 
least 30 percent of the artefacts show a relatively high length/breadth ratio, 
indicating relatively thin flakes and reinforcing the observation of the blade-like 
tendency of the Ritamauda assemblage (Gorecki 1989:160).3 This is not to say, 
however, that Ritamauda is not dominated by squarer flakes; across all 
horizons, over 50 percent of the assemblage showed a tendency to squarer 
flakes (Gorecki 1989:160) (Figures 3.8 and 3.9). However, the appearance of a 
relatively large percentage of blade-like flakes, up to 44 percent for the siltstone 
(Figure 3.9), makes this assemblage unusual in comparison with the highlands 
sites that have been examined here. Qualitative data from observations of 
negative flake scars (Gorecki 1989:163), evidence for core preparation4 and some 
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evidence to suggest the many longer blade-like flakes were broken as the result 
of trampling at the site (Gorecki 1989:160) suggested that blade-like flakes were 
the desired outcome of reduction at the site. Only four artefacts with secondary 
retouch were excavated, suggesting a functional preference for unmodified 
flakes (Gorecki 1989:163). 
Although there appeared to be little change over time in the reduction 
strategy at the Ritamauda (Gorecki 1989:160), there was a shift in the type of 
stone used. Although both the hornfels and siltstone was locally procured 
(Gorecki 1989:157), at around 2,500 years bp there was shift from using the 
finer-grained siltstone to the coarser-grained hornfels (Gorecki 1989:160). No 
explanation is offered for this change. 
1-1.49 1.5·1.99 2·2.49 2.5-2.99 >2.99 
length/breadth ratio 
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Figure 3.8: The length/breadth ratios for the hornfels artefacts from Ritamauda by horizon 
(data from Gorecki 1989:161). 
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Figure 3.9: The length/breadth ratios for the siltstone artefacts from Ritamauda by 
horizon (data from Gorecki 1989:161). 
On the basis of flake shape, a number of changes can be observed in the 
reduction of stone at Ritamauda. Siltstone flakes always seem to have been 
produced in a wider range of shapes than those of hornfels, which show a 
greater stability of flake shape across all horizons (Figures 3.8 and 3.9). This 
phenomenon is particularly noticeable in Horizon III, simultaneous with the 
change from siltstone to hornfels as the dominant raw material. In this horizon, 
the production of siltstone blade-like flakes increases markedly and that of 
hornfels remains relatively stable. Thereafter, in Horizons I and II, the 
production of squarer flakes dominate in both stone types. This technological 
change, manifested in both raw material preference and flake shape, in Horizon 
III appears to accompany a period of relatively intensive human occupation as 
indicated by the frequency and distribution of burnt bone in the site (Pernetta 
1989:194, 201). Surprisingly, however, use wear analysis of the artefacts showed 
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Horizon III to be a low point in the actual use of artefacts at the site (Fullagar 
1989:211). 
Throughout the occupation of Ritamauda, the hornfels assemblage 
underlay that of the siltstone, and at about 2,500 years bp replaced it as the 
dominant raw material used for flaking. For reasons unknown, the siltstone was 
not used to produce as many of the preferred blade-like flakes as it had at the 
time of the transition between the two raw materials. The hornfels assemblage 
seems to have remained relative stable regardless of changes in the siltstone 
reduction. Hornfels however, did show some evidence of change in a marked 
trend towards the production of more squarer flakes in Horizon I (Figures 3.8 
and 3.9). This change was strictly technological, not functional; evidence from 
the use wear analysis indicated that squarer flakes were not significantly less 
likely to show use wear than blade-like flakes (Fullagar 1989:212). -
Without a functional explanation for this change in raw material use, it 
can be speculated that problems with the procurement of the siltstone 
contributed to the increased importance of hornfels. Perhaps the increased 
production of siltstone blade-like flakes marked an attempt to produce as much 
edge-length as possible in the face of a supply perceived to be diminishing. 
Without data from cores it is not possible to tell. However, the reduction 
sequence in place at Ritamauda coped with the situation and after the 
anomalous dominance of blade-like flakes rather than the usual squarer flakes 
in the Horizon III siltstone assemblage, production returned to the squarer 
ChiPPed stone artefacts in highlands New Guinea 96 
flakes, albeit with a different type of stone taking precedence. The technology 
proved adaptable to change, even if the reasons behind this change are unclear. 
A microscopic use wear study allowed discussion of the relative use of 
blade-like flakes and squarer flakes at Ritamauda. Although there was no 
preference (statistically at least) for the use of blade-like flakes over other flakes 
(Fullagar 1989:212), there was a limited amount of evidence to suggest that 
blade-like flakes may have been used more frequently for sawing tasks than 
their squarer counterparts (Fullagar 1989:222). Beyond this, however, the 
analysis indicated only that the flakes (blade-like and squarer) had been used to 
cut siliceous material, such as grass or wood (Fullagar 1989:220-2). 
Use wear and residue analysis at Kafiavana 
A more detailed use wear and residue analysis of artefacts from 
Kafiavana produced similar results, but also some important differences (Brass 
1993, 1998). While this study demonstrated that plant residues dominated in the 
investigated sample of artefacts (Brass 1998:26), 15.4 percent of the artefacts 
exhibiting wear also showed blood residue (Brass 1998:23-4). In addition to this 
result, the multifunction nature of the artefacts was shown by the fact that two-
thirds of the artefacts exhibiting blood residue showed plant residue as well 
(Brass 1998:26). Perhaps the most important result, however, was a 
demonstration that artefacts hitherto described as "waste" also exhibited 
residues. Based on extrapolation from the results for the sample from 
Kafiavana, there could be as many 26,000 pieces of stone from the site showing 
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residues (Brass 1993:82). The original analysis identified 1,954 implements 
(White 1972:89). It is apparent that the functional component of highlands New 
Guinea assemblages goes well beyond those artefacts usually identified as 
implements on the basis of their edge morphology. 
Honing the tools of the trade: a summary of results and a new direction 
The three major technological studies of highlands New Guinea 
assemblage by Bulmer (1966), White (1967) and Watson and Cole (1978) 
produced results that are not altogether dissimilar. Rather than suggesting the 
soundness of the interpretative frameworks adopted, this indicates that the 
. amorphous stone artefacts of highlands New Guinea did not respond to the 
analytical techniques adopted (Ballard 1986:90). Interpretation leaned heavily 
on other data to support hypotheses that could not be dedved from the stone 
assemblages, despite hopes to the contrary. Perhaps the most significant 
difficulty was the exclusive analysis of assemblage components inferred as 
functional, that is, as implements, leaving unexamined the majority of the 
flaked stone from the excavated sites. Inferred function was no doubt adopted 
because it was seen as providing a direct interpretative link to subsistence 
activities. Ethnographic observations played an important role in constructing 
the edge-based methodology1 despite the differences observable between 
ethnographic and archaeological flaked stone artefacts. 
Despite these difficulties, some technological traits and trends were 
identified: 
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• square flakes and an overall "chunkiness" characterize the. chipped stone 
assemblages of the highlands; 
• retouch tends to disappear in more recent times; 
• retouch aside, relatively little change is witnessed in the flaked technology; 
but 
• a tendency toward smaller cores and flakes in more recent times at 
Manim (2); and 
• a slight tendency to squarer flakes in more recent times can be observed at 
the highlands fringe site of Ritamauda. 
Some refinements have been introduced into this schema, in particular 
concerning the differences between highlands and highlands fringe sites, such 
as Wafielek and Ritamauda, where significantly different assemblage 
components occurred. The differences between the highlands and highlands 
fringe assemblages, however, are far less significant when compared to island 
New Guinea, where between the terminal Pleistocene and about 4,000 years bp 
··,, a whole variety of technological changes take place. These included the 
development of formal unifacial and bifacial types and the introduction of 
obsidian (cf. Fredericksen et al. 1993, Pavlides 1993, Pavlides and Gosden 1994). 
This is not to say that informal technologies using obsidian and chert did· not 
exist in island Melanesia (cf. Rosenfeld 1997:220), but for the most part, such 
elaborate developments are thus far unknown in highlands New Guinea. Island 
· Melanesia, therefore, does not provide directly applicable models of stone use 
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for the highlands. Nonetheless, some minor regional variation does appear to 
occur in the highlands. 
The fourth technological study (Gorecki 1989), although more limited in 
scope, did point to some important factors. In addition to highlighting regional 
variation, it also demonstrated something of the dynamics of the chipped stone 
assemblage at Ritamauda. Although not fully explicable the change in preferred 
raw material, and the associated technological changes hints at the 
organizational factors that operated in the production of the flake assemblage. 
Furthermore, the study of the Ritamauda assemblage, despite its limitations, 
was the first to look at the entire sample (except cores) rather than just those 
artefacts identified as implements. 
A fundamental absence from all of the studies under review was an 
examination of the process of production. Although White (1%7:78) recognized 
implements as the product of a series of processes, these were not analyzed. 
Only in a discussion of "trimming flakes" was the process of reduction 
... I 
. I explicitly observed as playing a role in the production of implements (White 
1972:9). The result of this absence has been a vacuum in the interpretation of 
highlands New Guinea assemblages. Despite the flaws in edge-typology 
methodologies, regardless of how derived, the generalized model created from 
them has been retained and, because of a general pessimism regarding 
amorphous assemblages (cf Holdaway 1995), the detailed analysis of highlands 
assemblages avoided. 
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Despite the problems of previous analyses, they have provided sufficient 
hints about the dynamics of highlands New Guinea assemblages to indicate 
that revisiting the problem would be profitable. There appear to have been 
some changes over time, but no mechanisms have been advanced to explain 
these. This requires a new approach. 
It is apparent from the analyses reviewed here that the adoption of a 
typological approach to highlands New Guinea assemblages, either through 
overall artefact shape or the identification of implements on the basis of their 
edges, have not been successful in dealing with the bulk of the assemblages 
excavated. Debitage, flaked stone that could not be classified or identified as 
implements, generally has been ignored. Repeated forms have been difficult to 
find. Furthermore, use wear studies (Brass 1993, 1998 and Fullager 1989) 
suggest that much of this debitage was also functional, while the analysis of 
Ritamauda (Gorecki 1989) hints at changes in the exploitation of different stone 
types reflected in the entire flaked assemblage rather than just its identified 
functional components. As a first step, at least, some way of dealing with all 
components of the assemblage must be sought. 
In the response to these issues, it is more constructive to look at the 
chipped stone assemblage structure and organization as indicated by choices 
made by the inhabitants of Nombe when flaking stone. These choices can be 
examined by analyzing the reduction sequences through which cores were 
turned into useable artefacts. To do this, using the concept of the cha.fne 
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operatoire to reconstruct reduction sequences, is to look at the most fundamental 
motivation in flaking stone: the need to provide a functional edge. 
The choices made through the vehicle of the reduction sequence 
included the varying proportions of raw materials used, the degree to which 
cores were flaked before being discarded and the flaking techniques adopted, 
all of which hinged upon having a supply of flakable stone. The key issue is 
therefore the procurement and provision of flakable stone, and thus functional 
edges, in the face of wider· short- and long-term subsistence demands. 
The chapters that follow will explore the means by which the reduction 
sequences at Nombe can be perceived, the broader assemblage structuring 
reflected by the reduction sequences and the links that exist between 
assemblage structure and the wider subsistence economy. In so doing, the new 
approach necessary to make sense of highlands New Guinea stone assemblages 
will be developed. 
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Endnotes to Chapter 3 
1 Bulmer (1966:9) probably meant complex in the sense of long sequences of different 
stone artefact types. 
2 On the basis that no artefacts of one centimetre squared or less in size were recovered 
from Kiowa or Yuku, it has been suggested that the archaeological techniques used did 
not recover the complete assemblage (White 1972:147). 
3 Although cores do not feature at all in the analysis of the Ritamauda assemblage, 
evidence of core preparation was assumed from the presence of step flaking on the 
dorsal faces of flakes (Gorecki 1989:160). 
4 
CONCEPTS. IN PREHISTORIC ECONOMIC DECISION 
MAKING AND INTERPRETING NOMBE 
"To make a flint arrowhead in one shape rather than another, to hunt 
deer rather than collect molluscs, to paint rather than inscribe upon a pot are all 
decisions taken by individuals upon which our conception of 'cultures' and 
trajectories of social and economic change are imposed." (Mithen 1990:1). 
The nature of chipped stone assemblage from the highlands of Papua 
New Guinea drives the analysis of the Nombe artefactual stone to concentrate 
on the structure of the assemblage, and its technological components, rather 
than on examining potentially repetitive patterns of artefact form. This focus on 
assemblage structure imposes certain strictures on the interpretation of the 
assemblage as part of a subsistence system. It will not be possible, for example, 
to suggest.anything other than the most generic functional roles for the artefacts 
that make up the assemblage and it is therefore also not possible to link the 
artefacts to specific subsistence activities. The overall interpretative framework 
presented here thus examines the link between the organization of technology 
and economic behaviour, a topic that archaeologists (and others) have given 
much thought. A critical review of some of the most important arguments in 
this theoretical structure follows 
The underlying issue in this discussion is the relationship between 
mobility as an economic behaviour and in turn the role of mobility in shaping 
Concepts in prehistoric economic decision making and interpreting Nombe 104 
the organization of chipped stone assemblages, and it is this to which most of 
the discussion that follows is devoted. 
The concepts discussed here are diverse. Some have been developed by 
archaeologists thinking about chipped stone artefacts through the agency of 
perceiving the formal and amorphous assemblage components as operating 
differently. Bleed (1986) is probably the best example of this approach. Other 
ideas discussed here, such as the principle of least effort, are valuable in 
interpreting almost any stone assemblage. 
Many previous archaeological applications of these concepts, however, 
have been to assemblages with a formal component and have concentrated on 
how the artefacts within that formal component were made (cf Kuhn 1995:31). 
In developing a theoretical construct suitable for the interpretation of the 
Nombe, this chapter will seek to apply these theoretical foundations to the way 
in which flaked stone assemblages are organized. 
The principle of least effort and lithic technology 
Given the frequent lack of other evidence in archaeological sites, there is 
a strong temptation to use the stone artefact assemblage as the sole source of 
economic information, with varying degrees of success. A result of this is the 
tendency to attribute value to flakable stone, either on the basis of its apparent 
frequency at archaeological sites or the apparent effort put into its manufacture 
into artefacts. Indeed, the manufacture of complex artefacts is considered to be 
a mark of efficiency (White 1977:19), primarily through the efficient use of the 
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available stone: /1 •• • the presence of special purpose toolkits and, to a lesser 
extent, a sophisticated technology could provide archaeologists with one 
measure of efficiency." (Torrence 1986:43). 
It has been argued, for example, that the main value of a blade 
technology producing a highly regular product lies in its reduction of the 
amount of waste produced. Once the blade core is prepared1, efficient and 
11even parsimonious" use can be made of the stone (Bradley 1987:183). On the 
other hand, the production of "amorphous, unstandardized and highly variable 
artifacts" on a wide variety of raw materials is considered wasteful of stone and 
thus an inefficient use of energy (Torrence 1989b:58). 
The underlying theme in this argument revolves around stone as a 
consumable material. Stone is different from other, principally food, resources. 
Generally, it is non-mobile, non-seasonal and occurs at fixed locations. Once 
flaked, there is a limit to how often an artefact can be reused or a core continue 
to be flaked (Kuhn 1991:77), and therefore replacement stone must be obtained 
from these fixed locations. Procurement of stone is argued to be a major energy 
cost in the manufacture of stone tools, and therefore this will be minimized 
where possible (Hayden 1989:9). Further to this, tool use and manufacture is 
subsumed into the rest of human behaviour as activities that are carried out in 
such a way as to optimize expenditure of time and energy. This is based on the 
slightly tautological assumption that a given people's technology is that which 
is best suited to their needs. In this model, stone becomes the currency by which 
energy expenditure is measured (Torrence 1989a:2-3, 4). The archaeological 
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window for this model is the production of highly manufactured tools or the 
more elaborate resharpening of artefacts, the high energy cost of which is offset 
by the resultant higher conservation of the raw material. This in turn reduces 
the frequency with which stone must be replaced and therefore minimizes a 
major energy cost (Hayden 1989:16). In light of this, it is then assumed that 
people will choose the least costly raw material that will meet their needs 
(Torrence 1989b:64). This notion of the expenditure of the least effort possible is 
incorporated, explicitly or implicitly, into almost all analyses examining stone 
tool technology (Sheppard 1993:121). 
The model of least effort is also used to explain other types of 
archaeological variability, for example, the identification of different species of 
trees in hearth charcoal was taken to indicate selection at different frequencies 
of each wood type for burning. The traditional explanation for this selective 
' 
behaviour is based on the model of least effort, and argues that the initial 
occupants of the site burnt first the wood available in the immediate 
environment2. It is more likely, however, that the occupants of the sites 
exercised some level of preference in their selection of fuel, not necessarily 
based on ease of procurement (Shackelton and Prins 1992). 
The model of least effort or least cost is derived from a series of studies 
based in psychology culminating in 1949 with the publication of a major work 
which concluded there exists the Principle of Least Effort, an unifying principle 
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"which is defined as meaning that each individual will adopt a course of action 
that will involve the expenditure of the probably least average of his work (by 
definition least effort)." (Zipf 1949:543 - author's italics). 
This unifying principle, it was optimistically postulated, would provide a 
means to create "a systemization of an exact science of living", which would 
also function as a predictive model (Zipf 1949:543). It is probably the predictive 
element of this principle that makes it attractive for archaeological analysis; the 
temptation offered by a universal pattern of human behaviour is difficult to 
resist.3 The application of this model has been central to those stone tool 
analyses seeking to examine prehistoric economic behaviour (cf Hayden 
1977a:87; Salmon 1989:11). It provides a means by which value can be attributed 
to stone based on the amount of effort required to obtain and work it. 
Minimizing effort, however, is not as straightforward as it would at first 
appear. The individual seeking to minimize the expenditure of effort will look 
beyond simply doing the least possible work to take account other features of 
the task at hand as well as respond to influences from the environment. This 
latter factor is particularly relevant to the procurement of raw material. 
Until worked, the only cost represented by the raw material is that of 
procurement, and one way of minimizing this cost is to use a wide variety of 
readily available raw materials. In an environment which does not necessarily 
provide this, minimization of cost can be achieved by minimizing the number 
of properties required of the raw material, thus making a wider variety of types 
appropriate (Zipf 1949:163-4). In lithic technological terms, this would mean 
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flaking stone which may not necessarily have all the desirable qualities of 
flakable stone but has just sufficient to fracture in a controllable manner. 
The location of the raw material also represents a procurement cost. The 
most economical4 situation for the procurement of the raw material would be to 
live near the site of its occurrence, but this may in turn increase the cost of 
procurement in terms of the need to transport the raw material to the site of its 
use (Zipf 1949:352-3). This dilemma is compounded if a population is mobile, 
making the transport of raw material and tools for use a necessity but also 
expensive (Kuhn 1991:78, 1995:20). A partial solution to this problem is make 
the procurement of raw material a constant process as part of day-to-day 
activity (Zipf 1949:157), an idea which has found currency in archaeology, most 
famously as "embedded" procurement (Binford 1979:260). This latter model of 
procurement is theoretically plausible, but suffers from the practical problem 
that by its fixed nature stone may not be available immediately to hand with 
other resources. Other solutions are found in working the raw material rather 
than modifying techniques of its procurement: "... the greatest strategic 
problems for Mousterian tool makers involved the "delivery" of a ready supply 
of artifacts and fresh edges." (Kuhn 1995:20), that is, the concern is with the 
provision of the technology itself rather than the basic m.aterials needed for its 
manufacture. 
This distinction between the cost of technology and the cost of 
procurement can be seen in the example of the Mauna Kea adze quarry in 
Hawaii. The procurement costs associated with this quarry could be considered 
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almost prohibitive. The quarry is located in an /1 alpine desert", which has been 
described as a ''non-subsistence zone", that is, the daily requirements for 
subsistence, including food and firewood, were not readily available in the 
immediate area (McCoy 1983). The high altitude of the site, around 3,700m 
above sea level, also exposed its users to cold and the risk of hypoxia. 
Nonetheless, the fine-grained stone available at the site made these risks 
worthwhile. In other words, the value of the raw material, both technological 
and spiritual (McCoy 1983:99-100), resulted in the cost and risks associated with 
its procurement being regarded acceptable. 
A variety of means can be used to obviate the high cost of procurement. 
The most obvious of these is to use the minimum amount of raw material in the 
manufacture of tools, which confers two advantages. First, it reduces the need 
to return to the sotiI'ce of the raw material and, second, smaller amounts of raw 
material are more likely to be found than larger (Zipf 1949:164). This is closely 
related to the idea of reducing the properties required of the raw material in 
addition to minimizing its physical use. 
Another solution is to produce a less specialized, and thus more 
adaptable toolkit. The tools thus produced are less likely to require 
replacement, and the further use of raw material, in the face of new or different 
tasks. Not only does this reduce procurement costs, but also reduces tool 
production costs through minimizing the need to replace, remanufacture or 
modify the existing toolkit (Zipf 1949:159). 
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A final measure that can be adopted to expend least effort is the 
modification of the task at hand in order that it may be successfully completed 
using the existing toolkit (Zipf 1949:160-1). This has the positive effect of 
reducing the costs associated with replacing or modifying components of the 
toolkit to cope with new tasks. As this mode of least effort is part of work 
behaviour rather than physically manifested in technology, it is probably more 
difficult to perceive in the archaeological record. This modified behaviour may 
be visible, however, in the production of a standardized product rather than 
through the tasks performed by the toolkit. The production of a standardized 
artefact speeds up the manufacturing process by reducing the time needed to 
make each tool and enables the stone worker to become competent through 
performing repetitive tasks, which in turn can minimize the amount raw 
material used. The production of a standardized product using standardized 
techniques is considered to be "... a significant component of an efficient, 
competitive industry" (Torrence 1986:43-4). In this way, modifying behaviour, 
in addition to the toolkit, enables the expenditure of least effort. The reduction 
of the time needed to produce a standardized artefact type may have been 
important at the Mauna Kea quarry. The quarry was used to essentially 
produce a single type of artefact, an adze, which seems to have taken place on a 
large scale given the enormous amount of debitage produced (Cleghorn 
1986:377). The comparative ease of transport of the finished artefacts was 
sufficient to merit their production at the site, and arguably the initial 
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production of the standardized product may have been in response to the need 
to spend as little time as possible in what was a fairly trying environment. 
The cost of transport, however, does not cease with the procurement of 
the raw material. The toolkit itself needs to be carried around by individuals, as 
it is highly unlikely that the location at which the tools were manufactured is in 
most cases going to be the site of their use. The responses to this are similar to 
those used to minimize the cost of raw material procurement, including the use 
of a versatile and flexible toolkit, featuring an emphasis on portability. 
Additionally, because it is not practical to carry a large number of replacement 
artefacts, or the necessary amount of raw material to make replacements, and 
because raw material is not always going to be available in the environment as 
required, a mobile toolkit will also feature the facility for modification, 
rejuvenation or reuse of the existing artefacts (Kuhn 1995:22-3). 
Two factors, however, intervene in the straightforward application of the 
principle of least effort to modelling prehistoric human behaviour. First, in 
order to perform a task using the least effort some thought is required about the 
method of achieving this.5 In other words, calculating the route to minimal 
effort counts towards the cost of a least effort strategy (Zipf 1949:11). The 
solution to this is to develop habitual behaviour, effectively short cuts, which 
are replicable means of performing the same or similar tasks without having to 
plan an entirely new strategy. 
Second, even if a possible means of approaching a task represents the 
minimum expenditure, it will not be chosen if it is more than likely to end in 
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failure. This can be referred to as the Theseus principfe6, and argues that more 
effort will be expended if it is more likely to result in a successful outcome (Zipf 
1949:14-5). This principle is consistent with the principle of least effort insofar as 
it may result in the expenditure of less effort in the long run as a task may be 
completed more quickly and without needless repetition. 
Least effort, provisioning and risk 
Commensurate with the concept of least effort is the need to mitigate 
risk. Responding to risk, in archaeological terms almost entirely consisting of 
environmental factors, is arguably the Theseus principle in operation. In other 
words, greater effort will be put into the production of technology in order to 
improve its ability to reduce risk. 
Risk is inherent in all human activity. All activities involve the possibility 
· of error and therefore failure (Dennett 1995:203). It is the chance of error that 
best represents the level of risk entailed in any given activity. The chance of 
error can be handled in two ways. The first is to ensure ·that error does not 
occur, otherwise referred to as risk reduction. The second is the minimization of 
the consequences of error when it actually occurs. Of the two, the former is the 
most frequently encountered in archaeological interpretation. The latter, 
however, is probably more important. Error can be seen as inevitable, and 
therefore responses to risk which allow for this should be the more successful. 
Most archaeological argument, however, centres on the reduction of risk as a 
future contingency rather than in response to error. 
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Conceivably, the greatest risk met by prehistoric groups is that of 
procuring subsistence resources. The role of technology, therefore, can be seen 
to reduce risk by increasing the reliability and efficiency of resource 
procurement. 7 This implies that the desire for security is an important motive in 
subsistence behaviour, both cultural and technological (Hayden 1981:523). 
i 
Despite variation in the means of achieving this security, it is a theme that cuts 
I 
.·. 1 
across the boundaries of different· subsistence regimes and thus provides a 
useful interpretative framework for examining the role of stone tool technology 
within subsistence behaviour (Edmonds 1987:158). As with effort in the 
principle of least effort, risk becomes the commodity, or rather anti-commodityB, 
by which responses to risk can be measured. Risk differs, however, in that it is 
not as easily measurable. It is not static, and varies in character and intensity, 
and thus, by extension, it varies in its perception by those exposed to it, 
ultimately governing their response (Edmonds 1987:159). This may make risk 
difficult to examine through the archaeological record. One possible means for 
examining the variation of risk is to assume that the archaeologically visible 
organization of subsistence represents a response to risk. 
Mitigating risk is a process of planning for future events, either at a 
specific level, for predictable high-intensity risks, or at an extremely general 
level, for less predictable low-intensity risks, which can be met by broad 
contingency strategies. For both, this involves responses reflected in 
technology. In this regard, the raw material necessary for the technological 
response to risk itself becomes a risk. In other words, in order to respond to 
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risk, either immediately or in the long.:.term., requires the existence of a source of 
usable raw material, in this case flakable stone. If this source of stone is not to 
hand, then such a situation represents a flaw in subsistence strategy, a failure to 
meet a risk. Ensuring a supply, or provision, of stone can be done in two ways: 
provisioning the individual or provisioning a place. 
Provisioning the individual is associated with the need for mobility, that 
is, ensuring that the individual has stone when it should be necessary. As the 
emphasis is on mobility, this is less likely to be done by the individual carrying 
around a lump of flakable stone, although this could have been the case, than 
by retaining a suite of small artefacts which can serve a variety of functions 
while still being large enough to be rejuvenated or reused where necessary. 
Furthermore, this supply of stone should be able to meet unanticipated, or 
tactical, demands: 
"... variability in tool use - improvisation to cope with unforeseen 
exigencies - will result in modification or reu8e of tools and cores in a variety 
of ways not consistent with their original designs." (Kuhn 1995:23). 
Additionally, ~e mobile toolkit also should be sufficiently durable to require 
minimal replenishment, as mobility within an environment where stone is not 
readily available will compromise procurement in response to immediate 
demand (Kuhn 1995:23). 
The alternative is a strategic response, that is, to provision a place. This 
involves the storage, or caching, of suitable raw material at a place likely to be 
returned to with sufficient frequency to replenish supplies of stone and replace 
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worn out tools.9 The material cached at such a place is likely to be in a form that 
shows the greatest "toolmaking potential". The amount of material cached can 
be large, as, if the provisioning takes place over time, it does not physically 
impinge upon the mobility of the individual (Kuhn 1995:24).10 The provisioning 
of place is also the system within which "embedded" procurement is most 
likely to function, as subsistence trips out from a set location provides the 
opportunity to collect raw material during other foraging tasks (Kuhn 1995:25). 
This is presumably because the cost of transporting the raw material is 
acceptable when the distance it is to be moved is known to be limited. 
The decision to provision place or individual was based around a nexus 
of a range of factors: the frequency of residential moves; the duration of 
occupational events; the range of logistical mobility; and the average distance of 
transport associated with procurement (Kuhn 1995:28-9). The strategy of 
provisioning adopted was thus effectively based around the type of mobility it 
was expected to support and the risks it was expected to meet. A high 
frequency of residential mobility and short duration of occupational events was 
likely to result in the provisioning of the individual with a portable toolkit 
(Kuhn 1995:28). On the other hand, provisioning of a place was a likely result of 
decreased residential mobility in concert with an increased range of logistical 
mobility or a broadened resource base or both (Kuhn 1995:28). Even where a 
wide variety of resources or resources found over a large territory were 
exploited, however, the transport and discard of individuals' toolkits remained 
largely outside place provisioning arrangements (Kuhn 1995:29). Nonetheless, 
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the concurrent existence of a toolkit of place and one of the individual resulted 
in each impacting upon the organization of the other. 
This suggests that a series of thresholds existed, based around the 
subsistence requirements for mobility and the distances that had to be covered 
to procure stone, which determined the strategy adopted. Furthermore, these 
thresholds probably changed spatially, as resources changed or people moved, 
and chronologically, as patterns· of the procurement of stone changed. Long 
term provisioning of a place; for example, could in effect create another source 
of stone that was exploitable to provision individuals, creating a link between 
the two toolkits. This would represent a major change in the organization of an 
industry and provide the means to fulfill a wider range of subsistence demands. 
This occurred at Nombe, where the key factor in provisioning patterns appears 
to have been logistical mobility; flakable stone was readily available in the 
immediate vicinity. 
The character and intensity of risk can be assessed along two principle 
axes. First is the degree or severity of risk, which is defined by the consequences 
of failure in subsistence tasks. Second is the scale of risk, which is a measure of 
the predominant time scale against which risk is perceived as crucial in a given 
context. Time is an important determinant of the strategy chosen in response to 
risk (Edmonds 1987:159). 
Of the two axes, the first, the severity of risk, is probably the most 
immediately influential over technology. The greater the consequences of 
failing. to meet a particular risk, the greater the investment in technology in 
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order to reduce the chances of failure. This is a relative measure, and involves 
balancing costs and benefits: ideally, increased effort invested in the 
procurement and manufacture of stone tools is offset by the commensurate 
efficiency of those tools. This basic premise is complicated by time, an 
important combinant in the nature of risk. Additionally, the predictable nature 
of the risk is also vital. Long-term risks can be considered the most predictable, 
an obvious example being annual or seasonal variation. A particularly severe, 
unpredictable seasonal change, on the other hand, is a short-term risk, which 
may not be met by anticipatory technology. The technological response to risk, 
therefore, is a cumulative result of responses to long-term risk, but the 
technology must retain sufficient flexibility to meet unpredictable short-term 
risk when they arise. Low level short-term risks are probably not perceived as 
problems to which solutions have to be found, and thus do not affect 
technology. Technological responses are probably reserved for high level risks, 
both long and short-term (Edmonds 1987:160-2). 
The technological response to risk is concomitant with the type of risk. 
Low level, unpredictable risk is met by an unspecialized or standardized 
assemblage, which can, if necessary, he modified to cope with new or 
unexpected situations. Where risk is longer term and highly predictable, the 
assemblage will reflect a direct response to this situation through a specialized 
toolkit, that is, specifically designed to cope with the known risks. These two 
assemblage types are not likely to be mutually exclusive. Indeed, it would be 
essential that an assemblage contain the two components in order to 
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successfully respond to the risk environment (Edmonds 1987:161). Additionally, 
it can be argued that an unstandardized toolkit, that is, consisting of cores and 
unmodified flakes, would be better again at allowing response to unpredicted 
risk, as it allows the complete, albeit limited, technological repertoire to be 
produced as required. Nonetheless, there is a propensity for more elaborate 
assemblages to be associated with risk-reducing strategies. 
As technology is used to respond to risk, and becomes more responsive 
to particular risks, then the ability to meet that risk becomes· almost entirely 
dependent upon technology.11 The most common example cited is that of 
hunting game, in particular ungulates, an activity the success of which has been 
argued as entirely dependent upon technology (cf. Torrence 1989b). 
While actually locating the prey may be a function of the environment, 
the critical risk in hunting is the failure to make the kill, which, aside from the 
hunter's experience and skill, ,is a function of technology. This can lead to a 
circular situation in which a threshold of technological efficiency is reached 
making large-scale game hunting tenable, in tum spurring technological change 
and innovation to improve the success of hunting (cf. Mithen 1990:186).12 The 
primary artefact associated with such a situation is the microlith, accepted in 
European archaeology as the premier indicator of big game hunting; The 
microlith is held in high regard as a technological response to risk because it can 
fulfill both the need for an easily modified toolkit and the requirement for 
highly specialized tools. While microliths have to be made in advance, that is, 
before going hunting, they are readily modified in the field, even to the degree 
. •.·1' 
.. 
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of matching the characteristics necessary to kill a specific animal. On the other 
hand, where the intended game is known, microliths can be produced in their 
prey-specific fonn beforehand. In both cases, the risk of failing to kill the prey is 
greatly reduced (Mithen 1990:188) . 
Maintainable systems: 
• Generally light and portable; 
• Subsystems arranged in series, each part of which serves one unique function; 
• Specialized repair kit that includes pre-prepared replacement components; 
• Modular design; 
• Designed so that the failure of one component will not completely cripple the system; 
• Repair and maintenance occur during use, and the system is designed to allow this; 
• Maintained and usually manufactured by the user; 
• In summary, a serviceable system, that is, easily repaired by the user. 
Reliable systems: 
• Over-designed components, with parts stronger than miniD1ally they need to be; 
• Under-stressed, that is, the system is used at less than full capacity, and the techniques of its 
use are modified accordingly; 
• Parallel subsystem.$ and components, including redundant and backup subsystems; 
• Carefully fitted parts artd generally a high level of quality; 
• Generalized repair kit, including basic raw materials, necessary to effect repairs; 
• Maintained and m~ed at different times and locations; 
• Maintained and made by &pecialists. 
Table 4.1: A detailed set of characteristics for maintainable and reliable toolkits, all of which 
may not be reflected in a single toolkit defined as belonging to either category (after Bleed 
1986:739). 
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The distinction between field modified and pre-prepared toolkits can be 
viewed another way, that is, the first is a maintainable toolkit, while the second is 
a reliable toolkit. The characteristics of each are outlined in Table 4.1. 
The maintainable toolkit is best suited to situations where unpredictable, 
but generally low-level, risks must be met. A maintainable toolkit may be less 
elaborate, but certainly one that can be maintained or modified to meet a 
changing situation in the field. As such, it is better suited to situations were the 
penalty for failure is not high, in other words, where it is no great loss if an 
opportunity is missed because the toolkit is being modified to meet another 
situation or. requires maintenance. A maintainable system is also able to best 
meet the requirement for portability as it minimizes the size and weight of the 
system in that it can fulfill a variety of tasks, obviating the need to carry a large 
number of specialized tools (Bleed 1986:741). Furthermore, the maintainable 
toolkit should respond best to error. In the event of a mistake, the toolkit can be 
immediately modified to rectify the situation. 
In contrast, a reliable toolkit is best suited to situations where the penalty 
for failure is high, but the risk predictable. Mitigating risk is in this case 
achieved through redundant and backup features as part of the system, which 
operate should another part of the system fail. This is far more useful than a 
maintainable system in such circumstances of high-level risk where it simply 
would be untenable to engage in on-the-spot repairs. 
The most important restriction on the reliable toolkit, however, is that it 
is limited, responding only to highly predictable, repetitive risks. With its 
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multiple hardware for each function and time-consuming, specialized 
manufacturing process, the high costs associated with the reliable system are 
only justifiable in the face of highly predictable, high-level risks. Only if the 
toolkit can be prepared well ahead of the expected task, and in the /1 downtime" 
between other subsistence tasks, the high cost of its manufacture can be reduced 
(Bleed 1986:740-1). In the reliable toolkit, error would be handled by the 
redundancy of components. In other words, it relies upon an error not affecting 
all parts of the system. To combat highly predictable significant risks, it accepts 
the lower risk that an error may affect the whole system. 
This model of maintainable and reliable systems implies a high level of 
design-thought going into the production of stone tools as a functioning 
system. This is assumed to be either explicit or implicit (Bleed 1986:738). In 
other words, the technology user will knowingly or unknowingly select the best 
system in response to the needs of the moment. The similarity of this model 
with the principle of least effort can be readily seen. The high cost of the reliable 
system is offset by its reliability in moments where failure is intolerable, and 
therefore is arguably a result of the Theseus principle in action. The 
maintainable system, on the other hand, is probably more consistent with the 
principle of least effort itself, as it represents a technological system achieved at 
minimum effort which will function in response to risk at a basic level. 
In reality, both systems probably function together within the one 
technology, and as a result, elements of each will be found in a stone tool 
assemblage. It has been argued that this is reflected in the archaeological record 
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from the Australian Holocene, where bifacially flaked points, assumed hafted in 
use, represent the maintainable part of the assemblage and the microliths, 
assumed to be the lithic. component of barbed weapons, comprise the reliable 
technology (Hiscock 1994:278). This appraisal indicates that the categories of 
maintainable and reliable are not exclusive within an assemblage. 
Risk can be defined in broader terms than simply success or failure in 
hunting. A pertinent example comes from Holocene Australia, during which 
period people moved into apparently much higher risk environments, such as 
deserts and offshore islands, and where comparatively rapid environmental 
change resulted in new environments. The risk in this case is not just failure in 
hunting, but across the whole range of subsistence activities. This period of 
change is marked in an extremely general way by the adoption of a variety of 
stone tools more elaborately flaked than those that went before, including. 
bifacial points and microliths (Hiscock 1994). Unfortunately, apart from the 
. Tula adze, these artefacts are still only primarily concerned with reducing risk 
... • ·~. I in hunting. It is the decline of these artefact types that may be m.ore telling for 
general subsistence activity, in particular the issue of mobility. 
Risk and mobility 
Another means of reducing risk is to simply avoid it, that is, to maintain 
some level of mobility that involves either moving away from risk or to areas to 
where the risk is known or likely to be less.13 Arguably, mobility is a completely 
atechnologi.cal response to risk, as, in most hunter-gatherer societies, little or no 
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technology is required to be mobile (cf. Hayden 1981:523). Nonetheless 
technology is a factor in this regard, in particular its portability, because while 
the technology may not itself be directly involved in mobility, it must be mobile 
so that it can be transported from one subsistence location to another. 
In other words, as with other technological responses to risk, the 
technology both responds to the need fo:r mobility as well as contributing to the 
success of mobility as a risk reduction policy. The primary concern in achieving 
mobility is to have the means to move an effective technology as well: 
"The size of a techn.ology cannot increase indefinitely in order to meet 
the functional demands or requirements of a cultural system unless the ability 
to carry tools increases at the same time. Oearly, this ability must be limited, 
although the limits may vary depending on other components of technology 
such as the availability of transport devices" (Shott 1986:19). 
In the absence of beasts of burden and associated technology (cf.. Qark 1992:37), 
the portability of stone· tools becomes. crucial. Rendering a technology portable 
can be achieved in a number of ways. The most obvious is to either reduce the 
number of tools carried or decrease their individual size. Despite the frequency 
of rrtlcrolithic industries, it is conceivable there is a rrtlnimum functional artefact 
size, and smaller tools must be carried in greater numbers to be functional, as in 
the case of compound points manufactured from rrtlcroliths. Reduction in the 
number of tools carried may be the more commonly adopted response, 
resulting in the need to make the existing assemblage of tools fulfill a greater 
number of functions (Shott 1986). 
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The number of functions served by the units of an assemblage can be 
described as 'diversity'. In other words, the greater the number of functions 
each artefact serves, the less the diversity of the assemblage as the need for a 
wide range of artefact types is reduced and the existing artefacts become more 
flexible (Shott 1986:19). The outcome of this is that a highly mobile group will 
show a low diversity of artefact types, but which are flexible in their use. As the 
latter is diffi~ult to measure, diversity is considered the more usable measure of 
mobility. This proposition cannot be tested solely archaeologically, as any 
archaeological assemblage cannot be assumed to comprise the full suite of 
artefacts available to the prehistoric occupants of a given site. Nor are levels of 
mobility readily discernable. Recourse therefore must be to the ethnographic 
record. 
If diversity is taken to be the " ... number of distinct tool types included 
in the technological inventory ... " (Shott 1986:22), then figures of diversity 
derived from ethnographic recordings can be matched to similar records of 
mobility. In practice, a comparison of this nature, while revealing a trend 
towards a negative relationship between mobility and toolkit diversity, the 
correlation was not strong enough to be conclusive (Shott 1986:22-3). The 
magnitude of mobility, as opposed to its frequency, did not correlate with a 
reduction in toolkit diversity at_ all (Shott 1986:26). Similarly, a positive 
correlation could not be achieved for more sedentary settlement patterns and 
tool diversity (Shott 1986:30). More fundamental problems with measures of 
artefact diversity can be found in the apparent correlation between artefact 
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diversity and sample size (Jones, Beck and Grayson 1989:74). In other words, 
the lack of correlation observed between artefact diversity and measures ·of 
mobility may equally as well be the product of sample size as any true failure to 
correlate. 
Measuring flexibility, that is, the number of functions which an artefact 
can fulfill is even more problematic, particularly where the assemblage is likely 
to extend a significant degree beyond just the use of stone (Shott 1986:36). As 
with diversity, it is probably not possible to find a rigorous correlate between 
technological organization and mobility. The best results for this type of 
analysis were achieved by redefining mobility as simply on and off-site 
activities, with sites being defined as residential locations. From this it was 
possible to be determined that on-site locations were more likely to be marked 
by a combination of tool-use and tool maintenance and manufacturing 
activities, while off-site locations were more likely to be marked simply by tool-
use (Jones, Beck and Grayson 1989:78). In many respects, these questions 
approach the issue without considering what a mobile technological suite might 
look like. In other words, it may be more productive to examine the issue from 
a technological rather than mobility-based perspective. 
More appropriate is the examination of a number of assemblage 
characteristics that are theoretically compatible with the needs of a mobile 
population. The solution to the problem of flexibility can found in two possible 
responses in a stone assemblage. Both have implications for technological 
complexity and mobility. 
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Flexibility can be achieved at an individual artefact level by having the 
tools so manufactured that they can be modified to meet any contingency 
(cf. Bleed 1986). This implies a significant degree of forw~d technological 
planning, as the production of the artefact would have to be such that not only 
would it perform the initially planned task, but would still be of sufficient size 
to allow further reduction where· necessary. In this case, the morphology and 
function of the tool may change concomitantly, although each may also change 
independently (contra Dibble 1995). This response to the need for artefact 
flexibility may also enforce the use of curational techniques where mobility is 
also desirable. In other words, in order to retain the option of further reducing 
artefacts that must also be portable, techniques associated with curation must 
be used (Table 4.2). In this argument, the production of small, elaborately 
worked tools is not only to conserve raw material but rather to allow the 
artefacts produced to retain some flexibility. 
The usual application of the term 'curation' to mobile technologies 
concerned with the conservation of raw material (cf. Binford 1979) is probably 
too narrow. In this case, the curation of the raw material is to allow its further 
reduction to meet functional requirements while still retaining sufficient 
portability at an assemblage level. The techniques, and thus archaeological 
signature, remain the same. The difference is the motivation for engaging in 
curation, and the functional explanation can be postulated in light of the larger 
pattern of lithic organization. If, for example, there appears to be no shortage of 
stone, then .it is likely that curation is being used as a means to achieve 
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technological flexibility. Further, given a sufficient sample, differences should 
occur in the replenishment of raw material and the discard of artefacts. The 
discard of potentially usable artefacts, for example, may indicate a situation 
where, having been modified in the field to meet an unforeseen requirement, 
the artefacts are replaced with examples of the unmodified type. 
Expedient technology: 
• "Function first'' technology, that is, primarily concerned with achieving the task at hand; 
• No concern for the form or size of the artefact; 
• Usually results in the production of unstandardized flakes; 
• The functional aspect of the technology is the edge, which is unmodified; 
• Often uses the locally available stone, and is less concerned by the need for high quality 
stone; 
• A 'situational' technology which does not involve planning ahead, but rather manufacturing 
artefacts upon the need arising; 
• Often marked by the use of the bipolar technique; 
• High rate of discard, with no attempts to conserve stone. 
Curated technology: 
• Other factors can be equally as important as function, such as portability; 
· • Highly patterned reduction sequence and knapping techniques; 
• Usually produces a regular, standardized product; 
• Products can be highly modified and continue to be modified throughout their use; 
• Shows a definite preference for highly siliceous, good quality stone, which can be 
transported over long distances; 
• Involves planning against future needs for artefacts and stone, including caching; 
• Use of a variety of knapping techniques, such as pressure flaking and retouch; 
• Parsimonious use of stone. 
Table 4.2: The contrasting features of expedient and curated technologies (cf Binford 
1977:34-5). 
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A possible example of this type of technological organization comes from 
post-glacial maximum Tasmania. Evidence from a number of rockshelters from 
southwest T~mania suggests an increased level of mobility into land made 
available by the decline of the glacial maximum (McNiven 1994:77). This is 
characterized by two technological changes. The first is the increased use of 
quartz and a material referred to as "Darwin Glass". Darwin Glass occurs as 
small marble-sized nodules of material produced as a result of metamorphic-
like action caused by a meteor impact (McNiven 1994:75). The second is the 
increased rate of discard, and thus presumably use, of small thumbnail 
scrapers. These scrapers are the most distinctive artefacts in an otherwise 
amorphous industry (Cosgrove, Allen and Marshall 1990:70).14 The 
establishment of new sites containing these technological markers, as well as 
their wider presence over the area marks the post-glacial maximum period. 
Combined, these factors suggest increased mobility. (McNiven 1994:77). In this 
case, given the increased use and availability of new raw materials, the 
emphasis in the production of the small thumbnail scrapers is portability and 
flexibility. The scrapers from one particular site, Kutikina Cave, exhibit 
evidence for resharpening as well as application to a variety of tasks (McNiven 
1994:78). The assemblage is the product of a curated technology, but curation 
has been used to provide a portable and flexible assemblage rather than out of 
any need to conserve raw material. The southwest Tasmanian assemblages 
indicate a form of technological organization different to anything else reported 
for Pleistocene Australia (Cosgrove, Allen and Marshall 1990:74), and are 
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indicative of the development of technological organization in the face of 
environmental and settlement change. 
Using curation to provide flexibility represents a fairly complex solution 
to the problem, and probably one most appropriate in the case of a technology 
using a suite of complex, worked tools. The other solution is simpler, and 
probably more frequent archaeologically. 
Perhaps the ultimate way to achieve technological flexibility is not to 
carry the tools at all, but rather the means of their production. This is referred to 
as "expedienf' technology (Binford 1977:34), and is characterized by the 
production of tools, usually unmodified flakes, in direct response to 
requirements (Table 4.2). For this reason it is also known as "situational". 
Expedient technology is not usually regarded as particularly sophisticated, and 
usually associated with the use of raw material readily to hand. Nonetheless, 
this approach provides unsurpassed flexibility, as, given. sufficient time, 
literally any item from the stone technological repertoire can be produced. 
More common, however, is the use of unmodified flakes to provide a sharp 
edge, which are then immediately discarded. This is 'everyday' technology, and 
as such is commonly represented in the archaeological record. Curated and 
expedient technological solutions can appear in the same assemblage, but each 
would be marked by very different patterns of core usage (cf Binford 1977:35-6; 
Shawcross and Winder 1997:200). 
A variation can be observed within this approach. Rather than use raw 
material readily available in the landscape, flak.able stone can be carried instead. 
Concepts in prehistoric economic decision making and interpreting Nombe 130 
Logically, this would be in the form of cores, which under the constraints 
imposed by the need for portability, would show some of the characteristics of 
curated technology. Large bifaces, for example, usually associated with curated 
technologies as a tool in themselves, also represent an excellent source of 
regularly shaped flakes (Parry and Kelly 1987:298). 
One of the advantages of using bifaces as cores is that it avoids carrying 
unnecessary cortex, and thus weight, away from the quarry source. Biface 
production, however, is initially wasteful of stone and in a situation where a 
high level of conservation of stone is demanded, then unworked nodules are 
transported instead (Sappington 1984:31). This is especially so of the nodules of 
raw material are small in the first place. Decortication could very quickly 
reduce such cores to the point of little further usefulness (Shawcross and 
Winder 1997:1%). This occurred in the use of the very limited sources of . 
obsidian in southwestern Idaho, where the stone was carried from sources as 
unworked nodules in order to allow tool production at locations away from the 
sources. Indeed, so little reduction took place at the sources of obsidian that 
previous analyses had disregarded these as important procurement locations 
(Sappington 1984:32). In this case, expedient patterns of stone exploitation were 
operating as an effective means of curation (cf Sappington 1984:31). 
Arguably, the occurrence of bipolar reduction of cores also would be 
indicative of this type of expedient technological organization. Bipolar 
reduction offers a means to continue flaking otherwise unworkable cores 
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(cf Hiscock 1979, 1982:39), even to the point where otherwise exhausted bifaces 
can still be used to produce flakes using the bipolar technique Geske 1992:472).15 
A variety of means can be adopted in order to use mobility as a response 
to risk. All of these both affect and rely upon technology. In other words, 
technology must be organized in order to allow mobility, but the organization 
of technology can also provide solutions making mobility possible. A similar 
theoretical approach can be taken to assess levels of sedentarism. 
Mobility, bipolar reduction and expedient technology 
The question of levels of mobility can be approached from the opposite 
direction, that is, to look for evidence of increasing sedentarism. On the basis of 
the relationship between mobility and technological organization, it can be 
assumed that more sedentary patterns of residence will be similarly influential. 
Despite ethnographic and some archaeological observations to the 
__ .,. 
contrary, there exists a body of data that suggests that expedient technology 
reflects lesser mobility rather than more. In North America, after about AD 500, 
there occurs in several areas a trend away from formal tool technology towards 
the production of unstandardized flakes. A similar phenomenon is observed in 
Mesoamerica around 1,500to1,300 BC (Parry and Kelly 287-95). An important 
feature of the adoption of expedient technology is its apparent association with 
two factors: first, the technique of bipolar flaking; and second, increasingly 
sedentary settlement patterns. 
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The first is argued to be an integral part of expedient technology, both on 
the basis of its frequency of occurrence in the ethnographic record, especially 
that from Papua New Guinea (White and Thomas 1972:278, Parry and Kelly 
1987:286), and its technological characteristics, including" ... all the finesse of a 
man.cracking walnuts ... ", which are considered typical of expedient technology 
(Parry and Kelly 1987:287). Further, the use of the bipolar technique by highly 
mobile Paleoindian groups seems to have been an "emergency" technology 
used in the face of poorer quality local raw material or an urgent need to 
prolong the use of tools or curated stone. This expedient technology was 
abandoned once a better source of stone was reached Geske 1992:476-7). 
The second is based on the North American evidence which appears to 
associate the adoption of expedient technology with increasingly sedentary 
settlement patterns,·to the degree that the former is consequent upon the latter. 
Chronologically, expedient technology does not appear to be linked to other 
technological changes, such as pottery, the bow and arrow or ground stone 
axes, nor does it appear to be related to subsistence changes, such as developing 
agrieulture (Parry and Kelly 1987:296-7). A case is made, therefore, that a 
technological result of sedentary settlement is the adoption of expedient stone 
technology, including the bipolar technique.16 The adoption of expedient 
technology by sedentary groups is possibly the result of the different economic 
priorities of settled groups, a situation that has been referred to as the "under-
capitalization" of lithic technology. In other words, sedentary people have 
concerns other than stone tool production, such as political alliance and 
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warfare, and thus economize by making do with local and poorer quality raw 
material. This in turn necessitates the use of the bipolar technique and explains 
the lack of formalized, elaborate tool types Geske 1992:477). 
Expedient technology is considered advantageous for a sedentary 
population primarily because it reduces the high cost in time and energy 
associated with the production of formal tools, although it increases wastage of 
stone. For more mobile groups, this high cost is a worthy investment because of 
the portability and reliability this provides, as well as minimizing the 
consumption of stone. The emphasis in expedient technology is upon function 
rather than other factors, such as curation or portability, which makes it suitable 
for a sedentary group with ready access to raw material, even if it is of lesser 
quality. The lack of concern for regular form allows the use of the bipolar 
technique, a technique that becomes the marker of sedentary expedient 
technology (Parry and Kelly 1987:300-3). 
The flaw in this argument revolves around the access to raw material. 
Procurement arguably represents the single highest cost in stone tool 
technology, and is a potentially serious problem for a sedentary population 
unable to engage in stone procurement during the course of its normal 
movement. In some cases, the solution is to make trips specifically for the 
quarrying of stone, which, requiring an immense amount of organization, are 
expensive economically and socially (cf. Burton 1984), possibly prohihitively so 
to prehorticultural groups. 
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One key to solving this dilemma lies in the apparent association of 
bipolar technology with more sedentary settlement patterns. 
Contrary to the previous argument, the bipolar technique allows 
economical raw material usage through enabling not only the reduction of very 
small pieces of stone, but also the reuse of previously discarded stone. Nor, 
with good quality raw material, is there any reason why bipolar technology 
cannot produce a regular product. In the Australian context, at least, where the 
effect of distance to stone sources on technology is well attested, the bipolar 
technique could be used to minimize raw material usage in a situation where 
the frequent replenishment of stone for flaking is untenable. Sedentary 
settlement is likely to exacerbate problems of stone procurement, and thus be 
marked by increased use of bipolar technology (Hiscock 1996a:152).17 In this 
argument, bipolar technology remains a marker of more sedentary settlement 
patterns, but for opposite reasons. 
The type of technological organization associated with sedentary 
settlement patterns is thus dearly dependent on the nature of raw material 
availability in the local environment. Where the material is readily available in 
proximity to a settlement, then it is likely that the inhabitants will engage in an 
expedient technology. Where the opposite occurs, then far more care will be 
taken in the reduction of the stone in order to ensure its maximum usage. It is 
clear, therefore, that the type of technological organization present at a site 
cannot be used as archaeological evidence for a particular type of settlement 
pattern. Rather, a whole series of factors must be taken into account, including 
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the local availability of stone and paratechnological factors such as overall 
subsistence strategies. 
Interpreting Nombe 
The model presented in this chapter is predicated upon lithic resource 
usage reflecting the decision making processes of the stone worker, in particular 
the impact of subsistence demands and the mobility requirements they bring. 
Nombe's fauna! assemblage marks the site as associated with hunting 
mobility patterns over a very long time. In the Pleistocene comparatively large 
meat-bearing marsupials, such as Diprontodontids, provided the incentive for 
human use of the rockshelter as a base for excursions into the subalpine 
grasslands (Mountain 1991c:63; Mountain 1996b:10.5). This is in contrast to 
Kafiavana, for example, where the fauna! assemblage appears to reflect a 
pattern of hunting based in the forests immediate to the site (White 1972:92). 
Furthermore, Nombe continued in use even as the environment changed 
sufficiently for the range of subsistence zones available to the site to narrow, 
marked by the loss of grassland and forest-edge species and an increasing 
dominance of forest species from the terminal Pleistocene on (Mountain 
1991b:9.17, 10.3 and 10.8). 
Throughout the human occupation of Nombe the manufacture and 
discard of flaked stone artefacts remained a constant feature, the rate of discard 
matching the intensity of the site's occupation as shown by the faunal 
assemblage (cf Mountain 1991b:4.10). The driving theme of the methodology 
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and analysis developed in the following chapters is the link between the way in 
which the flaked stone assemblage is structured and subsistence and mobility at 
Nombe. Using the theoretical basis posited in this chapter it is possible to 
understand the means by which the amorphous flaked stone assemblage both 
reflected and facilitated the subsistence requirements of the occupants of 
Nombe. 
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Endnotes to Chapter 4 
1 The production of the blade core itself, however, is probably quite wasteful of 
material even before the production of blades begins. 
2 Obviously the preference for this explanation goes beyond any particular adherence 
to the least cost model. If the occupants of a site are burning the wood immediately 
available, then statements can be made about the nature of the vegetative environment 
at the site. On the other hand, if the site's occupants are specifically selecting wood for 
fuel based on something other than its availability, then the picture of the surrounding 
vegetation becomes far less clear. A conflict can be observed between environmental 
and behavioural interpretation of data. 
3 One analyst cited the Principle of Least Effort as one of several laws governing 
human behaviour and argued that the law itself should not be questioned but rather 
that the propositions coming from it be tested (Gould 1980:140). While this is in itself a 
reasonable approach, the full implications of Principle of Least Effort need to be · 
considered before embarking upon testing propositions that may or may not derive 
from it (cf Salmon 1989). 
4 Used in the sense of minimizing effort or cost. 
s How the stone worker's thoughts are reflected in technology, and the means of 
analysis this offers, will be dealt with in the next chapter. 
6 Theseus, when entering the maze at Minos to pursue the Minotaur, unwound twine 
behind him to mark his route. His escape from the maze may not have been by the 
shortest nor easiest route, although he may have inadvertently stumbled across either, 
but was one at least guaranteed successful. 
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7 Arguably, the greater effort put into producing technology can be seen as reducing 
the effort necessary to procure resources in much the same way as using less stone in 
artefact manufacture reduces the effort needed to get more. In this case, however, it is 
a secondary issue to the reduction of risk. 
s That is, a commodity of which it is desirable to have less rather than more. 
9 This does necessarily have to be a formal process. The reuse of flaked material off the 
surface of what could be defined as an archaeological site is well-attested (cf. 
Kamminga 1982:85). 
10 Except, of course, that the individual is constrained by the need to return to a set 
location when more stone is required. 
11 Notwithstanding the argument that humans can respond to, and survive in, their 
environment only through the use of technology. 
12 The association of stone tools with hunting can be taken to an extreme degree. The 
decline of stone artefact discard over time at large Holocene midden sites in southeast 
Queensland has been used to argue for a concomitant decline in interest in producing 
stone tools, an activity referred to as "the esoterica of technological pursuits" (Walters 
1989:219). The implication of the author's argument is that the greater exploitation of 
fish and shellfish reduced the need for hunting and thus in turn the need for stone 
artefacts. This narrow view of stone artefact function can lead to serious flaws in site 
interpretation. 
13 Moving to reduce one set of risks can result in exposure to a new set of risks, 
particularly if the move is into a new or unfamiliar environment (cf. Hiscock 1994). 
Presumably there must be a pressing reason to move into a new environment, and this 
represents choosing the lesser evil. 
Concepts in prehistoric economic decision making and interpreting Nombe 139 
14 The thumbnail scraper is also unusual because it is atypical of artefacts produced by 
Australian Pleistocene industries, particularly as it has a spatially and temporally 
restricted range (Cosgrove, Allen and Marshall 1990:70-1). 
1s As will be seen, a contrary argument is produced relating bipolar technology to 
mobility. Neither is mutually exclusive. 
16 Which in turn results in the assumption that evidence for expedient technology is an 
archaeological correlate of sedentary settlement patterns. 
17 In this particular analysis, based on a comparison of Kakadu woodland and wetland 
sites, no other evidence is presented to support sedentary occupation of the sites 
examined. In fact, the predominance of bipolar technology at woodland sites is more 
likely to reflect the distance of these from sources of stone (Hiscock 1996a:153-4) than 
sedentary occupation. Nonetheless, the argument remains valid in principle. 
5 
ANALYZING THE AMORPHOUS 
The purpose of this chapter is to outline the methodology used in 
analyzing the reduction sequences used to manufacture artefact in the Nombe 
assemblage. 
A reduction-based methodology of analysis 
"The whole sequence of ideas connecting these weapons (which are now 
constructed in a manner to show that the art of producing them is partly automatic) 
was reasoned out by such processes of the mind as stood for reason ... each successive 
improvement constituting a link in the chain of progressive development. Each link 
has left its representatives, which, with certain modifications have survived to the 
present time; and it is by the means of these survivals~ and not by the links themselves, 
that we are able to trace out the sequence that has been spoken of." (Pitt-Rivers 1906:12 
- author's italics). 
"The point is simple, but casts a long shadow: When you ask functional 
questions about anything - organism or artefact - you must remember that it has come 
into its current or final form by a process that has its own requirements, and these are 
exactly as amenable to functional analysis as any features of the end state. No bell rings 
to mark the end of building and the beginning of functioning ... " (Dennett 1995:218 -
author's italics) 
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The cognitive basis of chipped stone assemblages: its role in analysis 
The most important assumption underlying lithic technological analysis 
is that the assemblage viewed is the product of deliberate human behaviour: 
"They [archaeologists and historians] treat the artifact under examination as a 
product of a process of reasoned design development, a series of ch.oices among 
alternatives, in which the dedsi.ons reached were those deemed best by the 
designers." (Dennett1995:230- author's italics) 
Without this assumption, implicit in all technological analyses, archaeological 
stone assemblages become only so much rubble. If, on the other hand, chipped 
stone artefacts are accepted as the product of human intention, then their 
analysis can provide a significant amount of information about past human 
behaviour and thinking. As Dennett (1995:230) has it, archaeologists are seeking 
to explicate reason, choices, decisions and the results the designers desired. 
Pitfalls occur and, Dennett continues, the greatest danger lies in assuming too 
much: 
"Thinking about the postulated functions of the parts [artefacts] is making 
assumptions about the reasons for their presence, and this often permits one to 
make giant leaps of inference that finesse one's ignorance of the underlying 
physics, or the lower-level design elements of the object" (Dennett 1995:230 -
author's italics) 
Nonetheless, the analyst must persist with the basic assumption that the 
physical products, the stone artefacts, are a reflection of the desires and 
decisions of the stone worker. In assumingthis, however, the pitfall's pointed 
out by Dennett (1995:230) can be avoided by looking at the chain of planning 
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and action resulting in the assemblage that fulfilled the desires and decisions of 
the stone worker. In other words, proceeding first to the analysis of the "lower-
level design elements" before making any "leaps of inference" at all. The links 
of the chain reflect the many layers of cognition and behaviour that interact 
simultaneously for successful artefact production (Wynn 1993:390) - once the 
links are understood inference can follow. 
The components of the chain that can be perceived by the analyst relate 
directly to features of the product, but it is the process that generated these 
features rather than the features themselves that is of interpretative interest 
(Chippindale 1992:256). This can be perceived on an artefact by artefact basis, 
each with its chafne operatoire that leads to its creation (Grace 1997, Karlin and 
Julien 1994:154). Overall assessment of the multitude of chafne operatoire steps 
leads to the larger assemblage-level patterns. In summary, the analyst must 
follow the chain of planning and action in reverse, beginning with the stone 
artefact, whereas the original manufacturer began the chain at a conceptual 
level and ended with the artefact (cf Chippindale 1992:258). For the prehistoric 
stone worker it is a chain of planning and action, for the modern analyst a chain 
of inference (Figures 5.1and5.2). This is the basis of the inherent order found in 
all chipped stone assemblages (Driskell 1986:6-7). 
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Figure 5.1: A schematic representation of the process of stone artefact production. The 
shaded ovals represent factors theoretically unknowable by the modern analyst. This 
represents a single chafne operatoire. 
Ultimately, the intentions and planned techniques of the prehistoric 
stone worker remain unknowable. Fortunately for the modern analyst, a single 
factor intervenes between the conceptual stage and the actual manufacture of 
the stone artefact. Mechanical factors, which can be seen readily on the 
surviving artefact and the byproducts of its manufacture, can greatly influence 
the ability of the prehistoric stone worker to bring intention into being, and the 
means by which this can be achieved. It is the way in which the stone worker 
responds to these mechanical factors that provides the modern analyst with 
some chance of surmising the stone worker's intent (Figure 5.1). 
This leads to a chain of inference that is far less straightforward than the 
chain of planning and action undertaken by the stone worker (Figure 5.2). The 
chain of inference begins with the result, which in itself is not directly related to 
the stone worker's intentions. In this case, two factors intervene. The first, and 
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most readily apparent, is the technique of production adopted. While this 
provides some insight into the intentions of the stone worker, the technique 
used is also a product of mechanical factors, which may be much less apparent. 
Some attempt, therefore, must be made to separate the actions of the stone 
worker that were preemptive or reactive from those that were intentional all 
along. The key to this analytical approach is the observation of recurrent choices 
made by the stone workers out of the potentially enormous number of technical 
options (Perles 1992:225). 
Result 
Mechanical 
Factors 
Technique 
Used 
Figure 5.2: A schematic representation of the process of inference used to reconstruct 
the motivation behind stone artefact production. The .shaded oval represents the 
theoretically unknowable. 
The result, that is, the artefact, evinces both the means of production and 
the mechanical factors that influenced manufacture. The interaction between 
technique and mechanics is not static. As a technique is modified to cope with 
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one set of mechanical vagaries, further will arise and again the technique will be 
altered. This constant interaction is more often an assemblage level 
phenomenon; if the manufacture of every artefact were to take this cycle to its 
extreme, then rubble really would result. 
Nonetheless, it is technique and mechanics, and their interaction, which 
gives some clue to the stone worker's intention. This is twofold. First, and 
foremost, the stone worker is concerned, at a physical and cognitive level, with 
the successful manufacture of an artefact, and this operates on an artefact by 
artefact basis to produce the trends observable within the assemblage. This has 
been referred to as the "techno-psychological" axis of artefact manufacture, and 
is a combination of the conceptual knowledge, more elegantly connaissances, of 
the stone worker and the procedural knowledge, or savoir-faire, that the stone 
worker brings to bear upon the problem (Karlin and Julien 1994:154).1 
Second, the stone worker is operating within a much larger milieu. 
Economic and cultural concerns will to some degree pressure the stone worker 
to conform to certain techniques and, further, certain reactive techniques 
required by mechanical variability (Perles 1992:225). This is the "techno-
sociological" axis of artefact production (Kalin and Julien 1994:154). Once again, 
for the analyst, understanding the patterning behind this regularity will allow 
some perception of the economic and cultural pressures responsible for its 
occurrence. One analysis predicated on just such an understanding was able to 
not only develop a reduction sequence for the enigmatic cylcons2 from 
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Northern Australia, but also perceived a functional change from ritual to food 
preparation use during the course of that sequence (Cundy 1985). 
The key to observing the decision making process that has led to a 
particular assemblage lies in the linearity of stone artefact production (Driskell 
1986:1). The reduction sequences used to produce stone artefacts are strictly 
non-reversible. In other words, once a decision has been made and enacted 
there is no going back; the flake cannot be returned to the core. Furthermore, 
major changes in the decision process as reduction proceeds result in a another, 
perhaps parallel, reduction sequence, but one separate and different from the 
first. Minor changes in the reduction sequence may allow a return to something 
very closely resembling the original sequence. Nonetheless, it is a different, and 
changed, sequence, even if it produces a similar result as the original sequence. 
Additionally, evidence for the change remains physically in the waste stone. It 
is this that allows the separation of the different sequences. It has been argued 
that more sophisticated reduction sequences allow the stone worker to go back 
a stage in the sequence (Karlin and Julien 1994:155). This is true only insofar as 
it produces a result similar to that achieved had the stone worker used that 
stage in the first place. The result is the same, but two possible sequences have 
been created: the first adopts the given step initially, while the second 
incorporates that step after several others have taken place. The apparent non-
linear appearance of decision making and sequence creation actually has been 
produced by a multiplicity of linear sequences. It is the sequences, seen through 
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Pitt-Rivers' "survivals" (1906:12), that are important in discerning prehistoric 
decision making, less so the result (cf. Chippindale 1992). 
In terms of conceptual systems, the non-linear system is easier to 
incorporate into patterns of human behaviour. While decisions in a non-linear 
system are not exactly reversible, in that the past cannot be changed, a non-
linear system does allow a return to the central path of the decision making 
process, that is, the path of events laid out by the decisions already made. In 
other words, a decision is reversible in as much as a series of further decisions 
can be made to return to the original situation, assuming the misstep has not 
proved fatal. 
The manufacture of stone artefacts is one of the few human activities that 
are strictly and unalterably linear. A linear system is non-reversible, and 
therefore requires a greater degree of forward planning. Its options are 
effectively very limited because it does not allow doubling back on previous 
decisions to achieve the original situation. 
Potentially, a workable linear system could be achieved through trial and 
error, but this would produce innumerable and extremely short sequences, 
which should be visible in the archaeological record. 3 Planning ahead, at either 
an individual or social level, in a strict and sequential manner is more likely to 
produce the working linear system. In this respect, a link can therefore exist to 
the non-linear system, at least in the imagination but not behaviourally. In the 
mind the consequences of each action can be planned, and doubled back upon 
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if necessary, whereas, when it comes to actual production, the sequence must be 
strictly linear.4 
It is this link with the mind of the stone worker that makes the linear 
reduction sequence such a valuable tool for analysis. It is therefore a means of 
analysis that, theoretically, provides a 'real' link with the prehistoric past. In 
other words, the physical evidence of the stone artefacts allows the perception 
of the reduction sequence of their production. In turn, the features of the 
reduction sequence can give an insight into the motivation and thinking of the 
stone worker. Further, at an assemblage level, the patterns created by the 
multiplicity of chafne operatoire show the contributing stone workers as a 
corporate body. The assemblage thus becomes a reflection of the society in 
which it was produced, both behaviourally and economically (cf Grace 1997). 
And it is the reduction sequences and their component chafne operatoire that 
allows this analysis to proceed. 
The linear and sequential nature of stone artefact manufacture, and the 
ability to order this, provides the basis for this assemblage-level analysis. As a 
an individual, each artefact carries the evidence for the sequence of events 
which lead to its creation, and, more importantly, its creation in the form in 
which it is now seen. In other words, the evidence carried by an artefact can be 
specific to certain types of reduction sequences or certain features, mechanical 
or cultural, within a reduction sequence. The sequential nature of stone tool 
production has long been recognized: 
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"I further find by these experiments, and the fact is a most important one, that 
every implement resembling the final form here described made from a 
bowlder (sic) or similar bit of rock must pass through the same or much the 
same stages of development ... (Holmes 1890:13). 
The ordering of the "stages of development" (Holmes 1890:13) through 
physical evidence preserved on the artefacts themselves allows the recognition 
of the components of the sequence and the ordering of those components in 
turn allows the analysis of the chafne operatoire, the central technological concept 
in the creation of a chipped stone assemblage. Fundamental to this type of 
technological analysis of chipped stone assemblages is the understanding that 
unalterable evidence remains. Once struck from a core, flakes cannot be 
returned to it; the core cannot become whole again and is only alterable through 
the further removal of flakes. It is a "subtractive technology" (Bucy 1974:4). At 
the simplest level, the negative scars left by flake removal provide the most 
important evidence of reduction and its progress (Magne 1989:17), but a series 
of other measurable variables interact, especially on cores, which allow more 
detailed analysis to take place. 
Fundamental components of the reduction sequence 
Cores, literally and figuratively, form the technological centre of any 
assemblage. Cores carry the most evidence of the reduction sequence on their 
surface and best reflect changes and decisions in the production processes. The 
morphology of cores also exhibits the most change as reduction proceeds and 
cores, as individual specimens, therefore provide a series of indicators along the 
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different stages of the reduction sequence. The chafne operatoire is easier to 
perceive on cores than on any other component of a flaked stone assemblage 
that lacks a formal component. 
Change is the most significant aspect of analysis based on examining 
cores. The chafne operatoire can be understood as a dynamic system, that is, it 
reflects the way in which prehistoric stone workers coped with the changes that 
occurred in core morphology as core reduction proceeded (Kuhn 1995:81). In 
turn, it is therefore cores which best reflect the chaf ne operatoire rather than core 
products. Even in assemblages with a formal component, core morphology can 
be seen as determining the successful production of definite forms (Kuhn 
1995:81). This can be contrasted with analyses that focus on core products, 
which show a tendency to fail to describe core reduction as dynamic system, 
concentrating instead on the end rather than the means (Kuhn 1995:81). 
Difficulties only arise with the chafne operatoire approach if it is not possible to 
determine whether different core forms represent several, individual chafne 
operatoire or are stages within a complex chafne operatoire (Kuhn 1995:99). Past 
analyses of core products have shown a tendency to compartmentalize the 
sequence, with each stage of the sequence producing its own, distinctive 
products. These stage-specific products are then used to recreate the sequence 
itself (Collins 1975:18). This approach is possibly of greatest utility where a 
chafne operatoire is directed toward the production of a single artefact type 
(Comber 1988:15). The division of an assemblage into product groups can be 
encompassing to the degree that even assemblages containing primarily 
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debitage can be analytically reduced to a small number of product groups. In 
the analysis of two North American sites that each contained over 70 percent 
debitage, and less than five percent of artefacts showed use wear, Driskell 
(1986) used five product groups to order the assemblages (Table 5.1). 
Product Grou 
Product Group I 
Product Group II 
Product Group III 
Product Group IV 
Product Group V 
Characteristics 
Blocks of raw material, possibly split, but not flaked 
Initial flaking - no attempt to achieve form, includes cores, core 
fragments, flakes and blocky fragments 
Flakes showing some evidence of the final form, unifaces and preform 
bifaces 
Artefact modified by special flaking techniques, including edge 
sharpening, bevelling, serrating, notching and grinding. A product 
group mostly affecting artefact edges 
Reworked tools, restoration of tools to usability 
Table 5.1: Five product groups representing the stages of reduction in two North 
American assemblages (after Driskell 1986:51-53). 
Condition Status 
Condition A 
Condition B 
ConditionC 
ConditionD 
Characteristics 
All unbroken artefacts, apparently intact and usable and not exhibiting 
manufacturing damage 
Unbroken, but aborted due to manufacturing errors 
Broken as a result of manufacture, artefact fragments 
Broken, but during use not manufacture 
Table 5.2: Four artefact Condition Status categories, used to refine the Product Groups 
(after Driskell 1986:54). 
Although this methodology sought to reconstruct a linear reduction 
sequence, the means by which artefacts had been made, through the use of 
product groups (Driskell 1986:6), it ultimately failed to do so. This was the 
result of the methodology adopted. This study was primarily concerned with 
the final products of the reduction sequence, an approach confounded by 
having over 70 percent of each assemblage appearing in the apparently 
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meaningless Product Group II. It was attempted to refine the product groups by 
assessing the condition of the artefacts (Table 5.2). 
The most immediate problem with this approach lay in the fact that 
JI condition status is most appropriately identified in the systematically modified 
artefact classes" (Driskell 1986:55), resulting in the majority of each assemblage 
being of no further use for analysis. Conditions B and C, where perceptible, 
were considered important, if not the most important, factors in artefact 
manufacture, and was used to indicate those artefacts not conforming to 
JI mechanical or stylistic canons" (Driskell 1986:55), by implication identifying 
these in the mind of the stone worker. Although frequently acknowledging the 
potential functional role of debitage (Driskell 1986:67,75,101), the astonishing 
conclusion was reached that the sites studied were not important loci of stone 
working (Driskell 1986:111), despite the sizeable majority of each assemblage 
being unmodified flaked stone. The transported component of the assemblages 
was likely to have been blanks and finished bifaces (cf Kuhn 1994:437), a very 
small part compared to the debitage present. Further the debitage was unlikely 
to have been flaked off-site and subsequently transported. By strictly 
categorizing the assemblages into product groups, the analyst was left with 
little flexibility to examine the contents of those, particularly the early stage 
groups lacking identifiable tools. This study strongly indicates why a new 
methodology had to be developed to examine the Nombe assemblage; even 
reduction-based methodologies can lose sight of the underlying assemblage of 
informal artefacts. 
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Although much of the stone working effort at Nombe has been directed 
toward the production of a mechanical type, the flake, this is not the type of 
artefact envisaged by a highly compartmented analysis of the reduction 
sequence. This further emphasizes the analytical importance of cores over 
products; to attempt to divide the core products from Nombe into product 
groups would result in one category, Driskell' s (1986:52) Product Group II, 
which was unusable within the frame of product group based analysis. Further, 
cores themselves would also fall into this category, resulting in the Nombe 
assemblage becoming an analytically amorphous rubble heap. Looking at cores, 
and flakes, however, as the products of a series of events avoids this trap. 
In part, the great importance of cores lies in their fecundity. Cores 
produce the entire assemblage, quite literally all waste and all tools. Under 
experimental conditions, that is, with total recovery of all stone flaked, cores 
can produce a vast number of pieces of flaked stone.5 One such study produced 
8,608 waste flakes and chips from just six cores, an alarming mean of 1,434.7 
flakes per core (Baulmer and Downum 1989:104).6 If this experiment were a 
direct reflection of reality, the sampled Nombe assemblage could have been 
produced using approximately five and a half cores. That this is not actually the 
case is the product of two factors. First, the Nombe stone workers were not 
necessarily seeking to extract the maximum number of flakes from every core 
for which reduction commenced. Second, unlike under experimental 
conditions, not every piece of stone was recovered archaeologically from 
Nombe. In an assemblage lacking a formal component, as at Nombe, cores are 
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vitally important, therefore, as the progenitors of the entire suite of stone 
artefacts. This concept has not been adopted in Papua New Guinea prior to this 
study. 
Detailed analysis of cores is relatively unusual. There has been a 
tendency for archaeologists to concentrate on the formal component of 
assemblages or the core products (Parry and Kelly 1987:285). This was reflected 
in the initial attempts in New Zealand and Papua New Guinea to break away 
from the problems brought on by the traditional, European use of shape to 
identify typological categories. These new studies looked to the functional edge 
as an artefact component that could be categorized: 
... in the absence of extensive secondary retouching the use of typology 
based upon forms of flakes may be misleading. The classification may merely 
become a selection from among the almost random forms which result from 
percussion flaking, or from the modification of edges through use or 
resharpening'' (Shawcross 1964:12). 
The categorization of the edge became the central analytical tool for the analysis 
of implements from highlands Papua New Guinea, and the means by which 
implements were distinguished from the amorphous background assemblage 
(White 1967, 1972, White and Thomas 1972:277). Further, the edge was seen as a 
record of the processes that had operated on a piece of stone, it being the 
production of the edge rather than the artefact itself that was considered more 
important (White and Thomas 1972:282). The usefulness of focussing solely on 
the edge was reinforced by ethnographic observation in highlands Papua New 
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Guinea, which indicated that the shape of artefacts was almost entirely 
disregarded by the stone workers so long as the artefact served the desired 
function (White 1967:75, White and Thomas 1972:278). Nonetheless, this 
analytical method was still fundamentally typological rather than functional per 
se, especially as the ethnographic observations provided absolutely no evidence 
for the production of edges, only the reduction of unmodified artefacts. 
Nonetheless, archaeologically recovered implement edges were classified 
according to type, size, shape and edge angle. The nature of this classification 
was such that 90 percent of implements were assumed to be "miscellaneous 
scrapers" as a functional category (White 1972:8). An extreme example of 
formal edge analysis can be seen in the study that, although using essentially 
the same four categories of edge classification as White (1972), created a 
potential pool of 864 classes of implement (edge) type (Watson and Cole 
1978:77). By so doing, this analysis essentially revisited the typological 
problems brought on by attempting to use artefact shape. In other words, 
typologically classifying the edge resulted in as great a multitude of types as 
classification by overall shape. 
Later researchers solved this dilemma through standardizing the 
technique rather than the artefact or its parts. Under this schema the 
evolutionary aspect is maintained but uses techniques of flaking rather than 
tool types to achieve the same end (cf Knowles 1976). Much of the evidence 
used to define the techniques, however, was derived from experiment (Knowles 
1976:17); this demonstrated the technique that could have been used by 
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prehistoric stone workers to produce a specific implement, but did not elucidate 
the overall production of worked stone described by the chafne operatoire. 
Indeed, this approach of identifying formal techniques shows a tendency to 
simply use different reduction sequences to identify different tool types. 
Different types of microblades have been defined in Australia on the basis of 
the different techniques used in their production; the formal types, microblades, 
are defined on the basis of their reduction sequences and these sequences are in 
turn used to define types of cores (Witter 1988:39). If other components, 
functional or otherwise, of these microblade assemblages exist, they remain 
unmentioned. More rigorous application of a reduction sequence based 
analytical technique, on the other hand, has blurred the boundaries between 
formal types and demonstrated that one type can be manufactured into 
another, and back again (Hiscock 1996b). 
One significant result of typological analyses was the classification of 
cores as debitage, or simply another part of the waste component of an 
assemblage, leading to analyses that claimed a total approach to the structure 
and organization of an assemblage through only the formal component (cf 
Driskell 1986). 
Once use wear analysis, however, indicated that unmodified flakes could 
be the major functional component of an assemblage, then the production of 
flakes became an issue of some importance (Teltser 1991:363). The focus became 
flake morphology; one study used 25 "observations", or variables, to describe 
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flake morphology and its possible mechanical and technological origins 
(Stothert 1974).7 
It is clear, however, that flake morphology is to some degree dependent 
upon core morphology, and that technological features found on flakes equally 
occur on cores (cf Shelley 1990). This approaches the issue in reverse, so to 
speak, in looking at the child to see the features of the parent. Analytically it is 
more useful to begin with the cores. 
The usefulness of cores lies in their reflection of the entire reduction 
sequence in an assemblage lacking a formal component; an assemblage where 
almost every artefact, save the cores themselves, has come from a core. In other 
words, cores are most useful in an assemblage that does not contain artefacts 
that are the result of the further reduction of core products (cf Shawcross and 
Winder 1997:194). 
Application of the reduction-based methodology of analysis 
The concepts and theories that lie behind the use of the chafne operatoire 
as an analytical tool are based on the observation of variables seen on stone 
artefacts, and the way in which these change as during reduction. The variables 
most useful for analyzing an assemblage lacking a formal component, and the 
way in which these variable interact, are discussed in the following section. 
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Analyzing cores 
As a class, cores exhibit more plasticity than any other artefact class in an 
assemblage. Cores bear witness to two important transformations: reduction 
from nodule to core; and from core into flakes. Cores are the principal source of 
variability in a flaked assemblage (Shawcross and Winder 1997:196, 198). 
Several interrelated components of core morphology change during reduction 
and these changes in turn affect the direction of continuing reduction and the 
morphology of flakes produced. The importance of core morphology is twofold. 
First, and foremost, core morphology must be such that it allows flakes to be 
detached when a flat surface on the core is struck. Second, and closely related to 
the first, core morphology can closely effect the nature of the flakes detached 
beyond simply the size of the core governing the maximum size of flake that 
can be removed. 
As the reduction of a core proceeds its morphology changes, especially 
exterior platform angle (EPA). Theoretically, at least, cores begin reduction with 
a lenticular cross-section, that is, with an acute platform angle. As flakes are 
removed from the core the platform angle becomes more obtuse and closer to 
90 degrees and the core cross-section thicker (Witter 1990:32). This is the result 
of flakes being thicker at their proximal, rather than distal, end because of the 
creation of the bulb of percussion when removed; the core striking platform is 
chipped away more rapidly than its base (Karnminga 1982:89). 
In simple terms, the core platform angle mechanically determines the 
amount of force required to be transferred to the core to successfully detach a 
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flake; the greater the platform angle, the greater the force required (Hiscock 
1979:30). This need for increased force, assuming that the core's platform angle 
has not been changed by corrective measures, causes difficulties due to the 
core's decreasing size, in particular, weight. Should a core become too light, it 
will cross the 'inertia threshold', meaning that the amount of force necessary to 
detach flakes becomes such that the core will move rather than absorb the force 
(Hiscock 1979:50). 
The relationship between core EPA and weight, however, is further 
complicated by the way in which the mass (weight) of the core is distributed 
along its striking axis. It has been noted that, while a platform angle of over 45 
degrees is necessary for the controlled initiation of core reduction, as the 
· platform angle progresses beyond an arbitrarily defined angle of 90 degrees the 
mechanical process of detaching flakes from the core becomes over-stabilized 
due to the increased stiffness of the flakes. This condition rapidly becomes such 
that a point is reached where the energy required to detach a flake exceeds the 
physical capacity of the stone worker to impart force to the core, regardless of 
the core's mass (Cundy 1990:134). Physically this means that, as a core is 
reduced, its mass becomes increasingly concentrated about the striking axis. 
Core rotation, that is, attempting to use another striking axis to respond to this 
problem, results in the intersection of these axes, having the effect of further 
concentrating the core's mass, eventually producing a stable and intractable 
shape (Cundy 1990:143-4). 
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A combination of core EPA, weight and length is therefore not just' an 
expression of its overall shape, but also its reductive past and future. In other 
words, a core's platform angle, weight and length are a result of its previous 
reduction, the processes that have led to its current shape, but also indicate its 
potential for further reduction. Further, the latter is best understood through 
the examination of the three variables, which, in addition to giving some clue as 
to core volume (cf. Kuhn 1994:430) takes the invaluable step of examining 
whether thq_t volume is distributed in such a way as to be usable. Further, the 
mass distribution of cores, rather than flaking face morphology, has been 
determined to have the greater influence over flake dimensions (Pekin 
1997:754). 
The way in which the mass (weight) of a core is concentrated around one 
or another axis can be expressed as: 
l(pa sin) 
Vm 
where l = length 
pa = exterior platform angle 
m =mass. 
The results fall into two groups: a value of 7.0 or less indicates core elongation 
along an axis not measured, while a value of 9.0 or more indieates a tendency 
for elongation along the measured axis (Cundy 1990:144-5). In other words, a 
core with an axis/ mass concentration value of 7.0 or less is approaching an 
intractable shape, its weight possibly concentrated around several axes in a 
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very stable shape (Figure 5.3). A core with a value of 9.0 or more is probably 
still usable. The usefulness of this formula lies in its ability to combine the 
pertinent variables of a core into a single expression of its potential, which in 
turn gives some clue to its reductive state. It does not, however, show the 
process by which this state was arrived at and assumes that the core was 
worked from one platform at a time. 
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Figure 5.3: A schematic diagram depicting a core in early and late reduction. The early 
stage on the left shows core mass concentrated around a single axis and reduction from 
a single platform (both marked 1). The late stage on the right shows reduction from 
three platforms along three different axes (marked 1, 2 and 3 respectively), distributing 
core mass about three separate axes and therefore not necessarily the one measured (for 
example, axis 1). 
The two cores illustrated present a convincing argument for considering 
more than just the weight of core when assessing its potential for further 
reduction (Figures 5.4 and 5.5). Without calculating it axis/ mass concentration 
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value for the chert core (Figure 5.4), its weight of 73.3 grams would seem to 
indicate that it had potential for continued working. Even its EPA of 85 degrees 
does not make this implausible. A combination of these variables with core 
length to give an indication of the overall mass distribution of the core, 
however, indicates such not to be the case. Despite its weight the core had 
reached in intractable shape, perhaps brought on by the relatively short striking 
length of the core. 
The volcanic core (Figure 5.5), on the other hand, is a more typical 
example of a core that had reached an unworkable state. Its intractability is 
readily seen as the result of low weight, 23.5 grams, and a high EPA, 85 degrees, 
relative to that weight. The weakness of approaching the analysis of core 
reduction solely through axis/ mass concentration lies in the fact that it is not a 
graduated measure, that is, a core with a value of 6.6 is not 0.3 more intractable 
than one with a value of 6.9. The axis/mass concentration method provides 
snapshots of the reduction sequence and these can be combined to show the 
range of values over which a set of cores are distributed, but the values 
calculated cannot be strung together to give an impression of the lineal 
progression of reduction. 
Nonetheless, the value of the examination of axis/mass concentration in 
a population of cores lies in the information it provides about decision making. 
Equally important as any other factor in the decision making process associated 
with stone working is the point at which artefacts were discarded (cf Cundy 
1990:17). The use of axis/mass concentration values provides some clue as to 
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whether cores were discarded because they had to be, in other words, had 
become unworkable, or for some other reason. This in turn provides access to 
something of the decision making process integral to the chafne operatoire. 
2cm 
Figure 5.4: A chert core from Stratum B at Nombe. This core has an axis/mass 
concentration value of 6.6, and is an intractable shape despite weighing 73.3 grails. 
·-\!I/··.··.· ..... ·. ·· .. '··· -:... . .· 
2cm 
Figure 5.5: A volcanic core from Stratum Bat Nombe. This core also has an axis/mass 
concentration value of 6.9, and it too is an intractable shape. It weighs 23.5 grams. 
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The relationship between core EPA and weight and length, importantly, 
is a fluid one, which changes as reduction progresses. One variable, platform 
angle, generally increases, while the latter two variables decrease. Although the 
degree to which this is so can be variable, the relationship is a relatively 
consistent one. 
Preliminary analysis of the Nombe assemblage (Figures 5.6 and 5.7) 
indicated that, for this site at least, the relationship between core EPA and 
length was unclear. For both chert cores from Stratum B (Figure 5.6) and 
volcanic cores from the same stratum (Figure 5.7) the analysis indicated that 
length did not change to anything like the degree to which weight varied over 
the core EPA range. Similarly, variation in length failed to correlate with that in 
core EPA. 
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Figure 5.6: A plot of the relationship between core EPA, length and weight for the chert 
cores from Stratum B at Nombe. Outliers and extreme were removed for this analysis. 
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Figure 5.7: A plot of the relationship between core EPA, length and weight for the 
volcanic cores from Stratum B at Nombe. Outliers and extremes were removed for this 
analysis. 
To clarify this issue analytically, length was removed not further 
considered; core weight and core length generally correlated at Nombe. In 
placing the cores within the chafne opiratoire, EPA and weight were used as the 
defining variables. 
Despite the range in EPA, it should be borne in mind that successful 
flaking of a core could only take place within a relatively narrow range of core 
morphological variation, the key factor of which is an unstable shape. The stone 
worker can control these variables in a limited way, but regardless of these 
efforts the progression of reduction results in cores taking on a more stable 
geometry. This over-stabilization is the crucial factor that limits ongoing 
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reduction; mitigating the final manifestation of this stability involves changing 
rather than controlling core variables (Cundy 1990:136). 
Core rotation 
The simplest response to threshold conditions8 is core rotation, which 
involved turning a core to use a new platform when the old became untenable 
(Cundy 1990:142). Core rotation, as a response to threshold conditions, is 
therefore a means by which to start afresh with a core already within an 
ongoing reduction sequence by effectively creating a new EPA. Core rotation, 
however, changes no other core variable and thus does not offer a long-term 
solution to threshold problems. Indeed, core rotation is a self-limiting 
procedure, as by changing the striking axis to another direction will accelerate 
the onset of core stability through cQnCell.trating core mass around several axes 
(Cundy 1990:142). Furthermore, there is a limit to how much of a core's surface 
is available to be given over to another striking platform, especially if reduction 
has proceeded to the point of threshold conditions (Cundy 1990:143). These 
limitations do not absolutely prevent the use of the technique of core rotation as 
a means to militate against the onset of threshold conditions, but certainly place 
restrictions on its usefulness within the reduction sequence. 
Core rotation can be seen as a decision indicator in the chafne operatoire, 
essentially the point at which the decision is made whether to continue 
reduction or discard the core. To some degree, this decision making process is 
based in an assessment by the stone worker of mechanical constraints relating 
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to the continued usefulness of the core as it approaches threshold conditions. 
This, however, does not appear to be the sole basis for the decision to rotate the 
core. Was the former the case, it would be expected that a very high correlation 
could be shown between core rotation and core weight (cf. Faulkner 1999:96-98). 
At Nombe, at least, this proved not to be the case. It appears, that aside from 
mechanical constraints, certain striking axes were considered desirable for other 
reasons. In other words, it reflects the stone worker's perception of core 
production and potential rather than a reactive measure to meet a reduction 
problem. In this regard, core rotation is still about continued production, but in 
the sense of choosing a striking axis that will produce the desired outcome, 
which was probably the ready production of more flakes. 
Redirecting flakes 
An important ancillary technique to core rotation is the use of redirecting 
flakes (Figure 5.7). The redirecting flake is created as the first flake from the 
new platform after core rotation. The remnants of the old platform, and some of 
the truncated flake scars from its use, on their dorsal surfaces distinguish these 
flakes (Cundy 1990:157). Analytically, redirecting flakes are more useful than 
just as evidence of the occurrence of core rotation. 
The analytical value of redirecting flakes lies in their relationship to cores. 
Redirecting flakes are purely utilitarian in a reduction sequence sense, that is, 
their main purpose is to initiate flaking from a new core platform. In this 
respect, they are an artefact class highly unlikely to be removed from, or 
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brought to, a site because of their functional qualities. Cores, on the other hand, 
may not reflect the entire reduction sequence, as parts of this can take place 
elsewhere. Redirecting flakes, therefore, can fill in the gaps in the reduction 
sequence not otherwise apparent (Cundy 1990:157). 
The nature of redirecting flakes is that their size should bear some close 
relationship to the size of the parent core, at least at an absolute level. Just as 
flakes cannot be longer than the striking axis parent core (cf Kuhn 1995:111), so 
redirecting flakes theoretically should be almost identical in length to the length 
of the new core face. On this basis, it is argued here that redirecting flake length 
and core platform width are effectively the same variable, despite occurring on 
different classes of artefact (Figure 5.8). 
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Figure 5.8: A schematic diagram showing redirecting flake removal. 
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Figure 5.9: A volcanic redirecting flake from Stratum A at Nombe ("A" indicates the 
original core platform while "B" indicates the platform used to remove the redirecting 
flake). Of note is the extensive SSF along the lip of the original core platform, that is, 
below /1 A". 
In the N ombe assemblage this view was rendered testable by the 
observation that all redirecting flakes identified were struck at right angles to 
the previous platform and all ended in feathered terminations, implying that 
the full length of their respective striking axes was represented. The variability 
in actual redirecting flake shape (Figure 5.9), however, and unsuccessful 
refitting experiments indicated that it was not possible to attribute the small . 
number of redirecting flakes present to actual rotation events as observed on 
cores. It was therefore predicted that redirecting flake length at a population 
level should approximate the population of core platform widths. Were this the 
case, then it would be very difficult to argue that cores had been removed from 
N ombe, since this assumed metrical congruity would make it apparent that, at 
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an aggregate level, the parent cores for the redirecting flakes were still present. 
Conversely, a failure to correlate would imply that the redirecting flakes were 
struck from a population of cores no longer strongly represented at Nombe. On 
this basis, redirecting flakes offer an extra dimension to the analysis of the 
Nombe assemblage. In addition to contributing to the mapping of the chafne 
operatoire, redirecting flakes also allow the missing components of the sequence 
to be suggested. 
The analytical role of cores: concluding comments 
Analysis of cores best answers the question of how an assemblage of 
stone artefacts came into being, and, in a technological sense, why it appears the 
way it does. Further, from the cores a decision making process can be seen, and 
not always one that is governed purely by mechanical constraints. Mechanical 
constraints, however, are crucial in the analysis of cores in providing the 
baseline against which the reduction sequence can be examined. It is 
conceivable, for example, for an assemblage to exist where every core was taken 
to threshold conditions before being discarded assuming that the mechanical 
properties of the stone allow it. If, for example, one stone type in an assemblage 
were to show cores reduced to threshold conditions and another in the same 
assemblage, despite having been flaked using the same techniques, did not, 
then the difference could be attributed to the mechanical properties of each 
stone type. On the other hand, if such· were not the case, then variation in 
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arriving at, or not achieving, threshold conditions can be seen as reflecting 
discard behaviour and thus the technological concerns driving the assemblage. 
Analyzing flakes 
Whereas the analysis of cores allows the detailed examination of the 
processes occurring within the chipped stone assemblage, flakes can be used to 
answer questions about where those processes lead. Perhaps the most 
important question is one of regularity. In an assemblage lacking a formal 
component, such a Nombe, analysis must turn to flakes to perceive whether 
there was a regular, intentional outcome to the chafne operatoire. In other words, 
if all the flakes are pretty much the same shape, within statistically acceptable 
boundaries, then it can be assumed that the shape achieved was the one desired 
by the stone workers, especially if it transcends stone types. Furthermore, 
having arrived at the ideal flake, variation from this prototype can be used to 
examine chronological, functional or technological change. Flake variables, in 
particular striking length and striking platform size, also offer the opportunity 
to asses the means by which flaking regularity may have been achieved. 
In addition to these technical concerns, flake shape is the one 
technological factor to have emerged from previous analyses as a means to 
regionally distinguish stone assemblages in New Guinea. On the basis of 
analysis of the stone assemblages from sites in the Jimi Valley, Papua New 
Guinea, Gorecki (1989) identified a distinction between the assemblages from 
highlands and lowland sites. The former were marked by artefacts which were 
Analyzing the amorphous 173 
squarer, and described as "chunky", while the artefacts from the lowland 
assemblages in the Jimi Valley were characteristically thinner and more 
elongate (Gorecki 1989:163). This observation may well have a temporal 
component, as the Jimi Valley sites dated from the last 3,500 years BP (Gorecki 
1989:160), making these comparatively recent assemblages in terms of sites 
from the highlands. 
This observation has technical implications. The regular production of 
thin, elongate flakes, or blades, is frequently regarded as the apotheosis of 
percussion flaking, particularly where an evolutionary typological approach is 
taken (cf Bordaz 1970). Even studies that eschew a strictly typological approach 
still retain this assumption implicitly. In some respects this is justified, as blade 
reduction can require a very high level of skill on the part of the stone worker 
(Witter 1988:39), but the key to blade technology is the regularity of the 
product. Assemblages that lack blades, or similarly regular products, are 
commonly regarded as technologically unstructured, with products that show 
little consistent patterning (Teltser 1991:363). In an assemblage where blade 
manufacture had ceased over time, explanation was sought in the change of 
stone types used for flaking, the qualities of which may have militated against 
such controlled reduction (Bradley 1987:181-2), implying that no stone worker 
would voluntarily give up producing blades. This way of thinking about blades 
has become deeply embedded in lithic analysis; blades have come to be a 
generic indicator of a careful technology, perhaps one seeking to conserve stone 
(Bradley 1987:183). Notwithstanding that blade production is a highly 
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specialized technique, frequently involving elaborate core preparation, and 
quite different from ordinary flake production (Witter 1990:51), it is implicit in 
many lithic analyses that longer, narrow flakes evidence greater flaking control 
or care than those that are square. In Australian studies this is exacerbated by 
previous typological division of stone material into two chronological periods, 
the earlier of which was characterized by large core tools and scrapers, seen as 
an unsophisticated technology. Smaller tools, including blades, a chronological 
increase of sophistication, marked the later period (Dortch 1977, Holdaway 
1995:793). 
Controlling flake shape 
If flake shape is to be taken as a technological indicator, then some 
analysis must be devoted to how that shape was produced. Indeed, rather than 
assuming that longer, narrower flakes evidence greater care or more 
sophisticated technique, regularity of production, and the means by which it 
was achieved, are probably more telling. The variables that describe core 
morphology not only determine whether flake detachment is successful, but 
also the morphology of the detached piece as well. Thus far EPA, for example, 
has been discussed as a central variable in determining whether flake 
detachment is possible, but it also appears to have an equally important role in 
determining flake size. A number of other variables enter the equation as well. 
Experimental evidence indicates that flake size is almost entirely 
dependent upon flake platform thickness and flake EPA. These two factors 
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combine to provide flaking potential, and if both combined result in a mass 
below that of the striking momentum, then a flake will be detached from a core. 
The flake thus produced can fall anywhere within the weight range determined 
by platform thickness and EPA (Cundy 1990:236, Dibble and Pekin 1995:434). 
The other variable determining platform shape, platform width, correlates very 
closely with platform thickness, and indeed, the ratio between the two variable 
seems to vary little at different stages of reduction, making platform thickness a 
useful descriptive variable of platform shape (Maudlin and Amick 1989:81). 
Given this, an analysis for determining the level of control in flake production 
can be developed by replicating the experimental tests. In other words, by 
statistically assessing the relationship between flake weight and both platform 
thickness and EPA it is possible to determine whether the stone workers 
producing the assemblage of flakes were controlling flake weight, and thus size, 
by controlling platform thickness and EPA. 
Further experimental evidence suggests the same result (Pekin 1997:753), 
but that the way in which that mass is distributed, in other words the shape of 
the flake, was more dependent upon core face morphology than upon EPA. 
Similarly, the amount of flake given over, so to speak, to the bulb of percussion, 
also affected flake morphology. A larger bulb resulted in all other flake 
dimensions being smaller, while a smaller bulb resulted in the opposite (Pekin 
1997:754). The experimental results to prove this are not entirely convincing. 
While it was demonstrated that a 75 degrees platform angle can produce both a 
very narrow blade-like flake and a very broad, square flake depending upon 
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the width of the striking face of the core used (Pekin 1997:751), the statistical 
analysis of the results was not so self-evident, especially as EPA was removed 
as a factor in flake morphology and platform thickness used instead. Flake 
mass, length and thickness was compared to the tangent of platform thickness 
(PTtan) using linear regression (Pekin 1997:752-3). The linear relationship 
between flake mass and PTtan confirmed the earlier results (that is, Dibble and 
Pekin 1995). The relationship of both flake length and flake thickness to PTtan 
was apparently far weaker. No r values were given. From the graphs it is 
apparent that both flake length and thickness could equally as well be the 
product of PTtan as not. So while it is possible for a 34mm long flake to have a 
platform thickness of 2.2mm and a 36mm long flake to have a platform 
thickness of 4.4mm (Pekin 1997:753), the hypothesis of there not existing a 
relationship between the two has not been convincingly disproved by this 
experiment. 
Some of the weaknesses of this model can be attributed to another 
variable, which too often in archaeological assemblages remains outside the 
reach of the analyst. The experimental evidence suggested that up to 19 percent 
of the correlation between flake size and platform morphology (either EPA or 
platform thickness) could be attributed to percussor mass or velocity (Dibble 
and Pekin 1995:432). Outside experimental conditions, this is a sufficient 
variation in correlation to seriously affect the outcome of the analysis of an 
archaeological assemblage, which does not include the complete assemblage 
preserved at the moment of flaking. Further, the occurrence of hammerstones is 
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usually infrequent in archaeological assemblage; only five were found in the 
sample Nombe assemblage, less than one percent of the stone material. Those 
hammerstones available from Nombe were highly variable in mass and thus in 
the force each could impart to a core (Table 5.3). 
Additionally, a hammerstone in use comprises two variables: mass and 
velocity (Dibble and Pekin 1995:429-430). Each variable has a slightly different 
effect on flake size. A heavier hammerstone appears to produce larger flakes, 
regardless of platform thickness. Curiously, however, higher core EPA values 
appeared to amplify hammerstone mass. In other words, experiment showed 
the same percussor produced widely different flakes according to core EPA, 
with the flakes from higher platform angles looking as if they had been 
produced using a larger percussor (Dibble and Pekin 1995:432). This effect is 
undoubtedly the explanation for the observation that very large harnmerstones 
(300-400 grams) are only necessary once mechanical difficulties are 
encountered, and the bipolar technique adopted (Dickson 1977:99). 
A 584.7 
B 1037.8 
B 327.0 
B 102.8 
B 97.8 
Table 5.3: Hammerstone weights from the sampled assemblage at Nombe. 
Percussor velocity, generated experimentally by the height from which 
the percussors were dropped (Dibble and Pekin 1995:429), cannot be 
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determined for archaeological examples. Further, percussor velocity appeared 
only to affect flake size at higher platform angles, and then minimally (Dibble 
and Pekin 1995:432). The importance of percussor velocity is more likely to lie 
in the initiation of flake detachment, again especially at higher platform angles, 
but this too remains archaeologically intangible. 
This generates a conundrum. Causing up to 19 percent of flake size 
variability, percussor size as a variable is sufficient to seriously skew results 
from testing flake size against other variables, but is insufficient to use the 
correlation in reverse to determine percussor size and thus its role in affecting 
flake variation. As the variation in the weight of hammerstones from Nombe 
shows, were flake size even remotely caused by percussor mass, then enormous 
variation in flake size could be expected as well. So much so that it would be 
possible to arrange the flakes into five populations, each produced by a 
different hammerstone. That such modality did not occur indicated that the role 
of percussor size in flake size at Nombe was slight. 
To return to the issue of flaking control, it is apparent from the 
experimental evidence that EPA can be controlled not only to allow the 
initiation of flaking but also to control flake size. Additionally, flake platform 
thickness is also an important determinant of flake size, but at a practical level 
is also related to EPA. Flake platform thickness is created by how far back from 
the core face a flake is struck off. The experimental evidence implies that a 
thicker flake platform offers a means of circumventing EPA and still producing 
a flake of adequate dimensions (Pekin 1997:752). Flake platform thickness is 
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therefore a crucial variable in the analysis of the flaked component of the 
Nombe assemblage. 
Flake terminations 
The other, major technological variable observed on flakes is the manner 
in which they terminate. Flakes terminate in four basic forms. The feathered 
termination leaves a flake with a fine, sharp and, in cross-section, flat distal end. 
Hinged and stepped terminations, often combined in analyses, are the result of 
the force imparted to the core failing to travel its full length, the flake sharply 
parting company prematurely. A basal, or overshot, termination carries away 
the base of the core because of the application of excessive force. Finally, broken 
terminations can be caused by either reductive or post-depositional factors; in 
the latter case the termination is classified as missing. 
Of these, feathered terminations are considered to be of most immediate 
concern to the stone worker. A feathered termination not only offers the 
sharpest edge, but also leaves the most satisfactory core morphology for 
continued flaking (Dibble and Whittaker 1981:287). Feathered terminations are 
also more likely to be observed earlier in the reduction sequence, when force 
input to cores is most efficient (Hiscock 1988:117). 
Least desirable are hinged and stepped terminations. These types of 
terminations seem to be associated with the tail end of the reduction sequence, 
as their most frequent cause is the use of high platform angles and thinner 
platforms (Dibble and Whittaker 1981:287, Maudlin and Amick 1989:81). 
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Additionally, these types of fracture result in serious mechanical problems for 
further core reduction, primarily through self-replication, thus rendering a core 
flaking face untenable. This has been viewed as a second threshold resulting in 
core discard (Hiscock 1988:118). In the Nombe assemblage, redirecting flakes 
were observed to often carry away on their surface evidence for repeated step 
terminations. 
Basal terminations appear to be caused by the use of higher platform 
angles again (Dibble and Whittaker 1981:288), perhaps as a result of the 
application of too much force in order to overcome the higher core EPA. Basal 
fracture is arguably more serious than hinged or stepped in terms of leading to 
the premature cessation of reduction. By carrying away a portion of the base of 
the core, a basal fracture result in a dramatic decrease in core length, 
accelerating the concentration of the core's mass around a more stable shape. 
The association of basal fracture with higher EPA compounds this problem. For 
a core that already has a high EPA, a flake that reduces the available striking 
length is likely to result in that core being discarded. This type of flake 
termination, therefore, is probably associated with the final stages of reduction. 
Broken flake terminations were of little importance in the Nombe 
assemblage, primarily because of their infrequency. Further, a broken flake 
termination in the Nombe assemblage is unlikely to render that flake 
nonfunctional. Flake breakage becomes an important issue where secondary 
shaping of flakes is taking place and breakage is likely to cause the abortion of 
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that process (Driskell 1986:55). At Nombe, what breakage occurred was 
probably outside the reduction sequence and, most likely, unintentional. 
Cortex and negative flake scars 
Strictly, neither cortex nor negative flake scars are technological 
attributes. Each provides evidence about the reduction sequence rather than 
affecting its course, but both are fundamental in attempting to allocate chipped 
stone artefacts to their place in the reduction sequence. 
Cortex, however, as the weathered outer surface of stone, can have some 
small mechanical effect through interfering with the transmission of force to a 
core, and cortex removal is a frequent first step in core preparation, especially 
from the intended platform (Hiscock 1988:125, 145). On the other hand, the 
retention of cortex across the whole range of artefacts in an assemblage has 
been suggested as indicative that there was no attempt to produce flakes any 
differently from any other assemblage component (Casey 1993:250). 
Nonetheless, while the removal of cortex has been assumed to be a consistent 
first step in core reduction, and in some cases this was undoubtedly so, a 
further assumption has taken this to be a graduated progression (cf. Andrefsky 
1998:101). In other words, reduction is assumed to remove cortex at a 
consistent, measurable rate and the remaining cortex left on the dorsal surface 
of a flake could be used to allocate it to a stage in the reduction sequence 
(Maudlin and Amick 1989:70). 
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This question was approached at a general level in the Nombe 
assemblage, it being difficult to directly reconcile level of reduction with the 
percentage of remaining cortex (cf. Andrefsky 1998:104). The general analysis 
adopted for Nombe examined whether cortex occurred or not, and then the 
type, either pebble (waterworn cortex) or non-pebble (reef cortex). Additionally, 
in light of the mechanical problems caused by platform cortex (Hiscock 
1988:125), its presence, or lack thereof, was also noted. This very basic approach 
allowed the examination of three important factors in the formation of the 
N ombe assemblage: first, the dominance of pebbles as a source of stone; second, 
whether decortication, especially platform, was an essential initial step in 
reduction; and, finally, whether decortication took place at the site or was 
performed at the source. Cortex proved more valuable in attempting to answer 
these questions than using it to define the reduction sequence, which was more 
usefully perceived through other variables. 
The second major variable for flake and debitage analysis is negative 
flake scars. These are impressions left on the dorsal surfaces of cores, flakes and 
pieces of debitage by the removal of prior flakes. As with cortex, the occurrence 
and frequency of these can be used as an indicator of the stage of reduction 
from whence the flaked piece came (Andrefsky 1998:105-106). 
As a variable, however, negative flake scars tend to suffer from some of 
the same methodological problems as dorsal cortex. Larger flakes tend to 
support more scars than smaller flakes, regardless of reductive level, thus 
making the correlation between scar count and reduction stage weak (Maudlin 
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and Amick 1989:73). Despite this, the inverse relationship between negative 
flake scars and dorsal cortex indicates to some degree the role of the former as 
an indicator of reduction. An analysis demonstrated that while 50 percent of 
flakes with one or no flakes scars showed dorsal cortex, 70 percent of those 
flakes with one or more scars did not (Maudlin and Amick 1989:74). This, 
however, was as far the relationship went; flakes with more than two scars, 
even up to six scars, did not show an appreciable difference in cortex coverage 
(Maudlin and Amick 1989:75). The frequency of flakes scars appears to be a 
very general, non-specific measure of reduction, and was used as such in the 
analysis of the Nombe assemblage, in particular as a reductive indicator for 
cores. 
Sub-platform stacked step fracture 
Sub-platform stacked step fracture (SSF) is a useful variable in the 
analysis of the Nombe assemblage. The previous analysis of the stone material 
from Nombe identified SSF as the dominant form of retouch, on both flakes 
(White 1972:8) and cores (White 1967:364). In addition to its suggested 
functional nature, SSF is also important technologically. SSF is created by 
several flakes sequentially terminating in stepped terminations from the same 
point of force application. The occurrence of SSF can be an important 
determinant in the decision to discard a core (Shelley 1990:188), presumably as 
a result of the rapid change in EPA brought on by the creation of SSF. The most 
important factor is that percussion created SSF, not a form of pressure flaking 
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agai~t an edge as has been suggested (Flenniken and White 1985:135, cf. 
Dickson 1973).9 Whether SSF is functional or technological remains a 
contentious point. 
SSF is a defining feature of the Australian horsehoof core (Akerman 
1993:126), which is variously seen as a spent core (Kamminga 1982:90) or as a 
chopping or planing tool (McCarthy 1976:20-21). The functional debate about 
SSF is generally centred on this artefact type. The most convincing argument for 
SSF as a functional feature of horsehoof cores is based on the technological 
assumption that SSF must have been the desired outcome of flaking. In some 
assemblages where the cores show SSF, none is shown on flakes, indicating that 
it was not a form of platform rejuvenation and, in the same assemblage, cores 
were large enough for rejuvenation to have taken place before the onset of SSF 
anyway (Akerman 1993:126). In light of this, it was suggested that SSF was in 
fact deliberate rejuvenation of the working edge of a core tool and was a 
technique conferring two advantages. First, the core could be resharpened 
without greatly altering its mass and thus, second, this form of rejuvenation 
could be used several times (Akerman 1993:126). This technique has been 
suggested for the frequently amorphous Hoabinhian industry as well 
(Nishimura 1994:16). A fundamental flaw arises in this analysis. Implicit in 
Akerman's (1993) reasoning is that by using SSF as a resharpening technique 
the onset of core threshold conditions are avoided, thus allowing the continued 
use of the technique. The deliberate creation of SSF, however, would result in 
core almost instantly assuming a stable, intractable shape, thus achieving 
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threshold conditions and militating against repeating the process. To repeat the 
process would require first removing a redirecting flake, which would carry the 
evidence of SSF on its dorsal surface (cf Figure 5.8), an occurrence that 
Akerman (1993:126) is most explicit does not appear in the assemblage used as 
the example. Furthermore, the creation of SSF during the course of reduction is 
not necessarily the sign of a "particularly inept knapper" (Akerman 1993:126), 
but may rather be the result of a series of variables, including the stone worker's 
level of experience. Experimental evidence discovered that while an 
inexperienced stone worker's cores were more likely to show SSF than those of 
an experienced stone worker, part of this result could attributed to the 
experienced stone worker discarding a core before such conditions obtained 
(Shelley 1990:190-191). Furthermore, the decision to discard a core made by an 
experienced stone worker was not dictated by the onset of threshold conditions, 
whereas that of the inexperienced stone worker was more likely to be so. An 
experienced stone worker was more selective in raw material choice and more 
frequently discarded a partly reduced core due to perceived imperfections than 
the novice, the latter persisting until threshold conditions were reached (Shelley 
1990:191). 
In the analysis of the Nombe assemblage, SSF has been taken as a 
symptom of terminal core reduction, rather than as a deliberately produced 
edge, for several reasons. It occurs in statistically significant frequencies only on 
cores and, further, the amount of SSF appears to correlate to some degree with 
high platform angles and terminal reduction, but not in all cases, thus 
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indicating that it is not necessarily the SSF that has itself created the terminal 
condition. Despite being significantly more frequently associated with cores, it 
does occur on flakes in sufficient quantities to indicate that SSF was part of the 
reduction sequence, a phenomenon observed in another technology (Nishimura 
1994:20). Furthermore, SSF always occurs on redirecting flakes, indicating that 
part of the technological function of these was to remove it and allow continued 
reduction. The frequent occurrence of SSF in the N ombe assemblage is not 
entirely unexpected; the use of pebbles as raw material has been closely linked 
to the creation of cores resembling those described as horsehoof shaped 
(Kamminga 1982:89-90). 
In light of this, it is difficult to reconcile the identification of SSF as a 
significant component of the working edges defined in the previous analysis of 
the Nombe assemblage. A fundamental aspect of the understanding of flaked 
stone artefacts in prehistoric highland New Guinea thus far has been that of 
simplification of the technology over time, with the manufacture of retouched 
artefacts ceasing in the last 1,000 years (White 1977:23); this trend may no longer 
be quite so dramatic. Nonetheless, the occurrence of SSF in the Nombe 
assemblage is informative about a variety of technological aspects associated 
with the production of flakes. 
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The analysis of chipped stone assemblages is concerned with delving 
into past human behaviour and motivation. An extremely amorphous flaked 
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stone technology, as offered by the Nombe assemblage, confers certain 
advantages in this respect. Analysis of this assemblage is necessarily forced 
away from adopting a typological or functional methodology and all the 
assumptions that such an approach implies. 
The linear, sequential nature of stone artefact manufacture makes it 
possible to examine very closely the way in which manufacture proceeded, and 
variations in this over time. Analysis of the reduction sequence involves 
examining each artefact and comparing its diagnostic variables to the other 
artefacts around it, thus ordering the artefacts into a sequence. 
Initial • Low platform angles ( < 70°) 
• High core weight (chert> 100g) (volcanic> 300g) 
• High frequency of cortical artefacts (> 60%) 
• High frequency of cortical platforms (> 60%) 
• Feathered flake terminations 
Middle • Chance of core rotation (c. 20%) 
• Moderate platform angles (70°-80°) 
• Moderate core weight (chert 30-100g) (volcanic 50-300g) 
• Moderate frequency of cortical artefacts (30%-60%) 
• Moderate frequency of cortical platforms (30%-60%) 
• Feathered flake terminations 
• Hinged flakes terminations 
Terminal • High platform angles (> 80°) 
• Low core weight (chert and volcanic 30-SOg) 
• Low frequency of cortical artefacts (< 30%) 
• Low frequency of cortical platforms ( < 30%) 
• Stepped flake terminations 
• Basal flake terminations 
Table 5.4: The three stages of reduction used for the analysis of the Nombe assemblage. 
For the purposes of the analysis of the Nombe assemblage it is sufficient 
to order the diagnostic variables into a tripartite matrix of reduction stages 
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(Table 5.4). The defining ranges for the identified variables are derived from 
both the foregoing discussion and observations taken during the initial analysis 
of the Nombe assemblage. The amorphous nature of the Nombe assemblage, 
and the fact the reduction sequences in it were not directed to producing a 
regular and repeated product meant that a more elaborate reduction model was 
not required. 
Cores and flakes are an invariable result from percussion flaking 
(Shawcross 1964:9), and this is fundamental to the analysis of chipped stone 
assemblage. The success of flake detachment, and, to a certain degree, flake 
morphology, is determined by several variables observable on cores. These 
variables change, often significantly, as more flakes are removed from the core, 
in turn affecting the flakes produced or whether their production can continue 
at all. Identifying these changing variables provides a model of the overall 
reduction sequence for that population of cores, and in which components of 
the assemblage can be placed. Additionally, the responses of the stone workers 
to these changing variables can also be seen and, more importantly, the rate at 
which the stone workers used their supply of stone to its full potential. From 
this, technological behaviour can be inferred and, in turn, the economic 
organization of stone use. The analysis of the Nombe assemblage demonstrates 
the usefulness of amorphous assemblages in elucidating these behavioural 
issues. In so doing, it also demonstrates that the majority of chipped stone 
assemblages, which generally lack a formal component, and the major 
Analyzing the amorphous 189 
component, that isJ debitage, of all chipped stone assemblages, can be used to 
provide information about prehistoric life. 
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Endnot~s for Chapter 5 
1 It is savoir-faire that is most useful for the examination of the evolutionary origins of 
stone artefact manufacture. Modern psychological studies indicate that the one thing 
the human mind does really well is learn rules and procedure, although learning and 
decision making appears considerably more complex than simply following known 
rules (Reber 1993:114-116). Faced with highly complex and trying conditions, 
connaissance appears to enable the creation of savoir-faire. As Reber (1993:115) points 
out, there are no rules in the real world; procedure is forever changing to meet 
contingency. The question that dogs the evolutionary examination of human cognition 
is whether the manufacture of stone artefacts facilitated the human capacity for savoir-
faire, or whether humans were already procedurally-based beings and this provided 
the facility for stone artefact manufacture. Identical issues are a major concern in the 
study of the evolution of language (cf Reynolds 1993:407-8). 
2 Cylcons, often called cylindro-conical stones, are artefacts shaped by pecking into a 
cylindrical shape tapering to a rounded or pointed distal end. They are often engraved 
with abstract motifs. They held ritual significance and were a trade item. Early 
ethnographers in the Darling River area collected "several thousand". Another region 
of concentrated occurrence of these artefacts was in the Adelaide River area in the 
Northern Territory (McCarthy 1976:66-9). 
3 This problem has been addressed through the use of data from primate studies 
concentrating on social learning. Mithen (1994) argues that sophisticated chipped stone 
technology is most likely to be passed on and developed across generation where 
strong social learning exists. His case is convincing; an examination of Clactonian 
industries from Britain suggests that the hominids that produced these artefacts did 
not have a strong system of social learning. The industry lacks bifaces and is 
characterized by "short procedural templates" (Mithen 1994:13). This is taken to be 
indicative of individual, rather than social, learning, the latter effectively removing the 
problems associated with every generation engaging in repetitive trial and error, and, 
of course, the evidence for restrictively short reduction sequences. 
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4 Herein lies the link with the development with language that is so often posited in 
evolutionary studies. As with stone artefact production, the structure of language is 
linear, with grammar providing the linear rules of sentence production. To alter the 
syntax of a sentence changes its form and function. To change or correct a sentence, 
once said, requires another linear structure - a new sentence. 
s And not just cores. The production of formal tools using a blank can also produce a 
vast amount of waste stone. In one experiment, the production of an axe blank, 
beginning with a flint nodule weighing 2,948 grams, resulted in a 230 gram axe and 
4,168 waste flakes and chips (Newcomer 1971:90), of which about 70 percent may be so 
small to be of no further analytical use (cf. Shawcross 1964:19). Nonetheless, in terms of 
waste, core reduction seems to produce more than biface manufacture (Baulmer and 
Downum 1989:108). 
6 A mean of 1,434.7 ± 2,313.2, an unfeasible standard deviation. The range was 5,932, 
with Core 2 producing only 159 flakes, while Core 5 produced 6,091 (Baulmer and 
Downum 1989:104). The authors used these figures to demonstrate that core reduction 
produces, in their terms, more "shatter" than scraper production, but offered no 
explanation for the variation in the amount produced by each core. 
7 Curiously, Stothert (1974) deliberately excluded cores from the debitage category on 
the basis that these showed "outstanding shape" (Stothert 1974:3). Many of the 
variables (observations) subsequently used by Stothert, such as "Observation 6, dorsal 
flaking angle", would have been more usefully measured on cores. This is an extreme 
example of flake-only analysis. 
s In this case, a combination of weight and platform angle leading to the over-
stabilization of a core, rather than just weight alone (contra Hiscock 1979). 
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9 The mechanical difficulties in backing backed blades and geometric microliths 
without breaking the generally small flake involved has led to the proposition of a 
novel solution to this problem. Called chimbling, this involves the use of a longer 
hammerstone, a chimbler, as a lever: 
"Holding the flake securely on the wood [used as an anvil] the chimbler should 
be pressed down firmly with the working end in contact with the flake and the 
top inclined away about 45° from the vertical. By turning the chimbler into and 
past the vertical position its curved end bears down upon the flake with 
steadily increasing pressure and a chip is driven off' (Dickson 1973:13). 
This technique is derived entirely from modem experiments, although the results are 
said to be indistinguishable from prehistoric examples (Dickson 1973:12-13). It is 
clearly something similar to this technique that Flenniken and White (1985) were 
thinking about. 
6 
REDUCTION IN THE NOMBE ASSEMBLAGE 
This chapter comprises the main analysis of the flaked stone assemblage 
from Nombe. The analysis is divided into two primary thematic sections. The 
first deals with the morphology of the artefacts in the analyzed assemblage, in 
particular cores and flakes. The second section is an analysis of the reductive 
indicators observed on artefacts in the assemblage. Initially, however, there 
follows a discussion of the general characteristics of the Nombe assemblage. 
For the purposes of this analysis the reduction sequence is divided into 
three generic stages: initial, middle, terminal (or late). This terminology is used 
as a means of discussing relative reduction levels. 
Initial reduction covers decortication and is marked by the detachment 
of flakes the dorsal surfaces of which are almost entirely covered in cortex. 
Middle reduction is the stage during which the bulk of flake production takes 
place. As discussed in Chapter 5, cortex still occurs on the artefacts in this stage. 
Core rotation takes place in the middle stage of reduction and is the means by 
which some cores are prevented from entering terminal reduction. Terminal 
reduction, marked by high platform angles and low core weight, is the stage 
that ends with the discard of cores from which flakes can no longer be 
detached. 
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THE SAMPLED ASSEMBLAGE 
The assemblage chosen for analysis (the sampled assemblage) comprises 
4,757 artefacts (Table 6.1), which represents just under half the total number of 
stone artefacts excavated from the site by Mountain (1991b). As discussed in 
Chapter 2, the sampled assemblage was taken from the most stratigraphically 
secure squares. 
The sampled assemblage is made up of two raw material types: chert 
and volcanic stone. The chert is highly vitreous and ranges in colour from black 
to rich red-brown. Despite this colour variation its geological origins are the 
same in the Nombe area (nodules in the prevalent limestone), as are its flaking 
characteristics, and it has therefore been treated as a single stone type 
(cf. Luedtke 1992:6). 
Flaked volcanic stone dominates the Nombe assemblage; in the sampled 
assemblage its frequency is at least twice that of the chert artefacts across class 
and strata, with the only exception cores. The volcanic stone is far less vitreous 
than the chert, and ranges in colour from black to green. Although its origins 
are probably more diverse than those of the chert, the volcanic stone's flaking 
characteristics were sufficiently similar to warrant combining the volcanic 
artefacts into a single raw material analytical unit. 
Artefacts from Stratum B dominate the sampled (and total) Nombe 
assemblage and make up over 70 percent of the sample (Table 6.1). This reflects 
the pattern provided by other indicators of human activity at the site, such as 
charcoal and faunal remains (Mountain 1991b:4.10). Stratum A provided just 
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over 20 percent of the sampled assemblage, while a negligible sample was 
extracted from Stratum D. Generally the only usable sample for analysis from 
Stratum Dis the volcanic flakes and debitage (Table 6.1). 
Strahot)~ ; .··A B :, .'·• 
.··· :·'! l)•'·· .· ; ... ;·, '',•,' 
.·: 
. • .. /. > : .· .... > .. ·· ... .... ·. .. ... .. ·, .. ' .' : ·. : 
RaW' illatepaJfc~a~~ : n . % I ··· ... ·.·. ~ro, : ' 
"• >'··· % n !.•:: .... n 
.. :·{· .. · _:,;,:;·'' ;. l : :·r: 
•• 
'(. :.' 
: .. ' ,: 
.. 
.. :' ' '· ::; ., .. , . . '::·, .· . 
CHERT 
Cores 10 2.7 42 3.9 2 33.3 
Flakes 219 60.0 638 59.7 1 16.7 
Debitage 128 35.1 349 32.7 3 50.0 
Retouched pieces 4 1.1 27 2.5 
Redirecting flakes 4 1.1 12 1.1 0 0.0 
Subtotal 365 100.0 1068 100.0 6 100.0 
VOLCANIC 
Cores 17 2.2 35 1.4 1 0.8 
Flakes 429 55.6 1536 63.3 84 70.0 
Debitage 322 41.7 818 33.7 35 29.2 
Retouched pieces 2 0.3 21 0.9 
Redirecting flakes 2 0.3 16 0.7 0 0.0 
Subtotal 772 100.0 2426 100.0 120 100.0 
Totals 1137 100.0 3494 100.0 126 100.0 
% total assemblage 1137 23.9 3494 73.4 126 2.6 
I Total assemblage 47571 
Table 6.1: The sampled assemblage divided by raw material, artefact class and strata. 
These figures serve as the master set for analyses expressed later in this chapter. This 
table does not include hammerstones (n = 5), which do not feature in this analysis (cf. 
Table 5.3). 
Here obtains the primary limitation of this analysis; it is possible to say a 
reasonable amount about the Holocene but very little indeed about the 
,. 
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Pleistocene from the stone artefacts alone. The analysis that follows therefore 
concentrates on the two Holocene strata (A and B) with reference to the 
Pleistocene stratum (D) where possible. 
By artefact class all strata are dominated by flakes, followed by debitage. 
In general twice as many flakes occur as pieces of debitage, while cores make 
up less that five percent of each stratum. The exception is Stratum D, where the 
apparent high percentage of chert cores is actually a reflection of the very small 
overall number of chert artefacts in that stratum (Table 6.1). 
The only exceptions to the generalized model of artefact classification 
adopted are redirecting flakes (defined by their technological function) and 
retouched pieces (identified by a modified or worn edge). Both occurred in very 
small numbers in Strata A and Band none in Stratum D. 
ARTEFACT MORPHOLOGY 
This section of the chapter deals with the artefact variables that prop up 
the analysis of reductive indicators that follows. Consistent with this artefact 
morphology is explored in a basic statistical framework that describes the 
general patterns into which the variables fall. The amorphous nature of the 
assemblage, and the methodology adopted, means that no attempt is made to 
subdivide the artefact classes further along morphological lines. 
Again, the exceptions are redirecting flakes and retouched pieces. 
Redirecting flakes are used in this analysis as a technological rather than 
typological indicator (Chapter 5 refers) and are therefore dealt with in the 
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analysis of core rotation. Retouched pieces have a short analysis devoted to 
them alone. 
Cores 
For the purposes of the following analysis of reductive indicators 
exterior platform angle (EPA) and weight primarily define the morphology of 
cores. Core length is used as a combinant in the analysis of the core axis/mass 
concentration index, but was otherwise found to correlate so closely with core 
weight that it is not examined here as a separate variable. 
Platform angle 
Figure 6.1: The range of platform angles (in degrees) exhibited by chert cores in 
Stratum A. 
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Figure 6.2: The weight (in grams) distribution of chert cores in Stratum A. 
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The range of platform angles observed for the chert cores from Stratum 
A (Figure 6.1) is different to that for all other cores, regardless of raw material 
or strata. The range is unevenly distributed, with 60 percent (n = 6) of the 
platform angles falling at the very low end of the range. Further, the range of 
platform angles is not continuous, with a marked gap in the middle of the 
range. 
The chert cores from Stratum A are small, with 80 percent (n = 8) of cores 
falling below 20 grams in weight (Figure 6.2). This is more closely aligned with 
the observations for Stratum B chert cores (Figure 6.4), but runs counter to the 
general argument that core platform angles become steeper as cores become 
smaller (Chapter 5 refers). 
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Figure 6.3: The range of platform angles (in degrees) exhibited by chert cores in 
Stratum B. 
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Figure 6.4: The weight (in grams) distribution of chert cores in Stratum B. 
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The chert cores from Stratum B show relatively high platform angles, 
with the majority (78.6 percent, n = 33) falling 75 degrees or above. The largest 
single block of core platform angles (33.3percent,n=14) falls in the range of 80 
to 89 degrees (Figure 6.3). 
Stratum B chert cores are small with all but one falling below 100 grams 
in weight. The largest grouping of cores (61.9 percent, n = 26) fall in the 20 to 39 
grams weight range (Figure 6.4). 
Throughout the Holocene, that is, in both Strata A and B, chert cores are 
about the same size as reflected by their weight. This is confirmed by 
application of a t-test, which indicated no significant difference between the 
means of the two weight samples (t = -0.26, p = .794). 
Of the two chert cores from the Pleistocene, both fall well within the 
Holocene weight range (at 26.6 and 49.5 grams). 
Less consistency is shown in platform angle range between the early and 
later strata: high platform angles dominate in Stratum B while anomalously low 
platform angles occur in Stratum A. A t-test indicated a significant difference 
between mean EPA across the strata (t = -6.277, p = .000). 
The two chert cores from Stratum D look more like their Stratum B 
counterparts, with platform angles of 73 and 82 degrees. 
The result for the chert cores in Stratum A must be viewed with some 
caution due to the small sample size (n = 10). This impacts upon the surety with 
which the EPA differences between the chert cores in Strata A and B can be 
proposed. 
Reduction in the Nombe assemblage 
.... 
(!) 
.0 
E 
4 
3 
2 
2 or1-,..._"'--~~-.-"'"'---..---'--..'--'--.--'----'-'--.-'--'"'"..:...r-.......... ~---" 
67.5 70.0 72.5 75.0 77.5 80.0 82.5 85.0 87.5 90.0 
Platform angle 
Figure 6.5: The range of platform angles (in degrees) exhibited by volcanic cores in 
Stratum A. The apparent bimodality in the sample is not significant (Kolmogorov-
Smirnov test, z = 0.724, p = .671). 
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The platform angles for the Stratum A volcanic cores range from 67.5 to 
90 degrees, with two large groups (23.5 percent (n = 4) each) at around 72 and 
80 degrees. Just over half the volcanic cores have a platform angle of over 80 
degrees (Figure 6.5). 
The majority of volcanic cores from Stratum A (82.4 percent, n = 14) fall 
in the weight range 7. 9 to 85 grams (Figure 6.6). Three very large cores, ranging 
from 170 to over 400 grams) make up the balance of the sample. 
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Figure 6.6: The weight (in grams) distribution of volcanic cores in Stratum A. 
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Figure 6.7: The range of platform angles (in degrees) exhibited by volcanic cores in 
Stratum B. The apparent bimodality in the sample is not significant (Kolmogorov-
Smirnov test, z = 0.801, p = .542). 
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Like their Stratum A counterparts, the volcanic cores from Stratum B 
show a wide range of platform angles, from 60 to 95 degrees. The bulk of these 
cores (74.3 percent, n = 26) fall between 75 and 89 degrees (Figure 6.7). 
The single volcanic core from Stratum D exhibits a platform angle of 89 
degrees and falls at the higher end of the platform angle range. 
The occurrence of several large cores mark the weight range of volcanic 
cores for Stratum B, but the majority (74.3 percent, n = 26) weigh less than 190 
grams (Figure 6.8). In general the Stratum B volcanic cores are heavier than 
their Stratum A counterparts. 
The single volcanic core from Stratum D weighs 61.9 grams, well within 
the Strata A and B ranges. 
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Figure 6.8: The weight (in grams) distribution of volcanic cores in Stratum B. 
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Some general statements can be made about core morphology. In terms 
of core size as indicated by weight, cores are very consistent across Strata A and 
B, although the majority of cores in Stratum Bare about 10 to 20 grams larger 
than those in Stratum A, this difference is not significant. 
Volcanic cores appear less consistent in size across strata. Large cores 
occur more frequently in Stratum B and the range in which the bulk of cores fall 
this Stratum extends 100 grams further than the comparable dominant range in 
Stratum A (Figures 6.6 and 6.8). Despite this, a t-test indicated no significant 
difference in weight between the two Holocene strata (t = -1.1228 p = .225). 
Volcanic cores are more frequently heavier than their chert counterparts 
regardless of strata. While the smallest of cores for each raw material type fall 
within one or two grams of each other (around 5 grams for Stratum B), the 
largest volcanic cores are up to four times the weight of the largest chert core. 
The top the of dominant size range for volcanic cores is between 60 and 130 
grams greater than for the top of the dominant size range for chert cores for 
Strata A and B respectively (Figures 6.2, 6.4, 6.6 and 6.8). 
Platform angle is a very stable variable for volcanic cores over time. The 
range of platform angles at core discard in Stratum B is about 10 degrees greater 
than in Stratum A, a negligible difference. The dominant platform angle ranges 
are slightly greater in Stratum B, but again the difference is minor (Figures 6.5 
and 6.7). This is confirmed by at-test, which indicated no significance difference 
in EPA between Strata A and B (t = -0.874, p = .386). 
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Chert cores show greater variability over time. Although the absolute 
ranges are similar, platform angles in Stratum B tend as an aggregate to be 
much higher than in Stratum A, in which platform angles are unusually low 
(Figure 6.5). 
The absolute range of platform angles across raw material types is 
largely similar, that is, between about 60 and 95 degrees and probably therefore 
represents the full range of mechanically usable platform angles. 
Flakes 
There is one key issue in the examination of flake morphology. This is 
the ratio of flake length to flake width, which is used as an expression of overall 
flake shape, in particular the tendency towards blade-like shape or otherwise. 
As discussed in Chapter 3 this was a crucial variable in previous analyses, 
especially those conducted by White (1967, 1972) and for whom this variable 
appeared to show some minor chronological change (White 1967:450). 
In the analysis that follows a ratio of 0.5 describes a flake that is half as 
wide as long, a ratio of 1.0 a flake that is equal in each dimension and a ratio of 
2.0 a flake twice as wide as it is long. 
The length/ width ratios for chert flakes from Strata A and B are closely 
distributed around a value of 1.0, with a tendency for values to fall greater than 
1.0; this is emphasized in Stratum B by the outlying and extreme values (Figure 
6.9). Otherwise the samples appear identical. Statistical testing confirmed this. 
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Figure 6.9: A boxplot comparison of the length/ width ratios for chert flakes in Strata A 
and B. The plot shows the median value, interquartile range, outliers and extremes. 
The difference in chert flake length/ width distribution between Strata A 
and B was tested using a Mann Whitney U test (z = -0.411, p = .681), which 
indicated that there was no significant difference in the distribution of the ratios 
between the strata. At a population level, it appears that chert flakes remained 
the same general shape over the course of the Holocene. 
The distribution of the length/ width ratios for volcanic flakes across 
Strata A, B and D look very similar and, as for the chert flakes, the results 
generally fall around the value of 1.0 (Figure 6.10). Strata A and D appear to 
show a wider distribution of values than Stratum B. 
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Figure 6.10: A boxplot comparison of the length/width ratios for volcanic flakes in Strata A, B 
and D. The plot shows the median value, interquartile range, outliers and extremes. 
The distribution of length/ width ratios for volcanic flakes across Strata 
A, Band D was tested using a Kruskal Wallis test (X2 = 0.169, p = .919), which 
indicated that there was no change in the distribution of the length/ width 
ratios across the three strata.1 
The foregoing analysis reinforces White's view of the /1 sameness" and 
11 continuity" of flaked stone artefacts in highlands New Guinea assemblages 
(White 1967:450). For the entire period of human occupation at Nombe flake 
shape remained the same at an aggregate level. The way in which the flakes 
were produced may have varied, and this is examined in the section that 
follows, but the flake shapes which resulted remained distributed over the same 
range during the course of several millennia. 
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ANALYSIS OF REDUCTIVE INDICATORS 
Cores 
Cores in the sampled assemblage from Nombe appear to have been very 
productive, although this varied by raw material type and strata. The core to 
flake ratios (Table 6.2) reflect this. Chert and volcanic cores showed different 
chronological variation. 
CHERT 1:21.9 1:15 1:3 
VOLCANIC 1:25.2 1:45 1:84 
Table 6.2: The core to flake ratio for each stratum and raw material type. The figures for 
Stratum Dare extreme because of the very small sample size (cf. Table 6.1). 
The number of flakes produced by chert cores increases in Stratum A, 
whereas the number of flakes produced by volcanic cores decreases (Table 6.2). 
A marked decrease in flake production is also present for volcanic cores 
between Stratum D and Stratum B, although the very small number of cores in 
the older stratum misleadingly emphasizes this result. 
A general trend, however, is observable: the production of volcanic 
flakes per core declines over time, while that of chert increases. 
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Core rotation and redirecting flakes 
The analyses that follow examine the role of core rotation in the 
reduction sequence and the relationship between core rotation and redirecting 
flakes. A corollary to examining core rotation is the axis/ mass concentration 
index analysis, which seeks to determine whether cores were discarded at the 
point of terminal reduction or while still retaining some flak.able potential. 
Core rotation 
The method adopted here for analyzing core rotations is to express the 
data in terms of the chance of any core within a particular set of cores being 
rotated once, twice and so on. This in tum effectively represents an expression 
of the chance of rotation occurring for each raw material. In this way, this 
analysis provides a means to see something of the decision making process 
behind the Nombe assemblage. In other words, these results gave an 
approximation of how often the decision was made to rotate a core. This was 
done by counting all artefacts showing evidence of rotation (that is, all cores 
and flaked pieces on which negative flake scars running in different directions 
were observed) and expressing the results as x% rotated once, x% rotated twice 
and so on. Although clearly dominant, the inclusion of zero rotations is 
important in order to generate an expression of how often the decision was 
made to rotate cores, and, thereafter, how many times. 
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Figure 6.11: A comparison of the percentage of the number of times cores were rotated 
as evidenced on chert artefacts in Strata A and B. 
Overall, the results were relatively homogenous, but differed in some 
important respects. There was about an 80 percent chance that a core would not 
be rotated at all, and this was almost constant across the raw materials. For the 
first rotation, however, chert was twice as likely to be rotated than volcanic 
stone, and about twice as likely to be rotated a second time. A third rotation 
was rare for any stone type, but again was slightly more likely for chert than 
volcanic stone (Figure 6.11 and 6.12). In Stratum D, core rotation very rarely 
occurred. 
These results indicated that more effort went into the reduction of the 
chert as opposed to the volcanic stone. This was possibly due to the 
comparative scarcity of the former or perhaps its higher value to the stone 
worker as a raw material type. 
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Figure 6.12: A comparison of the percentage of the number of times cores were rotated 
as evidenced on volcanic artefacts in Strata A and B. 
In order to determine the importance of core rotation as a mechanical 
technique over time, a variation of the former analysis was carried out. The total 
number of rotations per strata, in the form of a cumulative count (that is, the 
number of rotations multiplied by the number of artefacts showing that number 
of rotations), was expressed as a percentage of the total strata assemblage, in 
turn expressing the likelihood of rotation occurring in that strata. This gave the 
following results: 
Stratum A 
Stratum B 
StratumD 
17.9 percent 
15.2 percent 
5.5 percent 
Core rotation was an equally important technique in Strata A and B, but 
not in Stratum D. Overall, its occurrence did not suggest a particularly high 
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level of reduction in any strata, but especially not in Stratum D. For Strata A 
and B, however, the consistency of its use, shown by the general and raw 
material specific figures for a single rotation, indicates that approximately 20 
percent of the time it was the usual next step in the reduction. In all cases, the 
chert cores were about twice as likely to be rotated as their volcanic 
counterparts. The core rotation data illustrate the importance of chert as a raw 
material in the assemblage for Strata A and B, and the greater capacity to 
sustain reduction using this stone. 
Core weight, rotations and reduction 
From an examination of the frequency of core rotation it was not clear 
whether the technique was entirely driven by mechanical constraints. A higher 
number of rotations were expected, especially for chert, due to the occurrence of 
some very small cores.2 
If taken as an indicator of core reduction, core rotations should correlate 
with the other indicators, in this case core size (weight), EPA and the number of 
negative flake scars. Unlike other studies examining the same question (cf 
Kuhn 1995:101) the decision was made to use core weight rather than core 
maximum dimension as the primary indicator of core size. This variable was 
preferred due to the irregular and informal nature of the cores at Nombe, which 
meant that core maximum dimension was equally as likely as not to be along 
the striking axis. Core length, therefore, does not relate as closely to the 
mechanical process of core reduction as does weight. 
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This relationship was examined by the use of correlation coefficients to 
test the strength of the relationship between core reduction indicators and the 
number of rotations. It was predicted that the number of rotations should 
correlate with lower core weight, higher platform angles and greater number of 
negative flake scars. 
There appeared to be no correlation between core weight and number of 
rotations and these results indicated that core size was not the primary 
determining factor behind the decision to rotate a core (Table 6.3). 
Tests against the other indicators of core reduction proved more useful, 
especially for chert cores. 
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·CHERT 
Rotations to core weight 0.76 .834 No 0.169 .284 No 
Rotations to EPA 0.834 .003 Ctol 0.396 .009 0.01 
Rotations to negapve sc~rs 0.695 .026 0.05 0.705 .OQQ 0.01 
VOLCANIC 
Rotations to core weight 0.330 .196 No 0.251 .145 No 
Rotati~::ms to EPA 0.174 .505 No Q.453 .006 0.01 
Rotations to negative scars 0.144 .582 No 0.176 .312 No 
Table 6.3: The results of a series of Pearson's correlation coefficient tests examining the 
relationship between number of core rotations and three indicators of reduction: core 
weight, core EPA and negative flake scar count carried by cores. All correlation results 
are positive. Significant results, and the levels at which they are significant, are 
highlighted. 
Unlike weight the other reductive indicators, EPA and negative flake 
scar count, appear to correlate with the number of rotations in the chert 
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assemblage in Strata A and B (Table 6.3). These relationships are much less 
evident for the volcanic cores, for which obtained a correlation of core rotations 
to EPA only in Stratum B (Table 6.3). 
The effort to carry the reduction of chert cores further than their volcanic 
counterparts was noted in the analysis of core rotation. This appears also to be 
reflected in the current analysis; the stone worker's decision to rotate a chert 
core was based on two readily observed reductive indicators. In other words, 
these results for the chert cores might reflect the stone worker's perception of 
the reduction sequence. A higher EPA would have a dramatic effect on the 
stone worker's physical capacity to detach flakes, while the number of flakes 
already detached would have provided an immediate and straightforward 
indicator of how far core reduction had already gone. The initially smaller 
nodule size used for the chert cores might have made heeding these indicators 
more of a necessity than for the larger volcanic cores. 
For volcanic cores it was not possible to clearly attach the decision to 
rotate cores to any particular reductive indicator, perhaps because of the 
phenomenon's relative infrequency for this raw material type. In Stratum B, at 
least, the decision to rotate volcanic cores appears associated with EPA, but 
rotation would have only occurred in about 10 percent of all cases (Figure 6.12). 
The implications of this are that, first, the initially larger size of the volcanic 
cores prolonged their reduction prior to rotation becoming necessary and, 
second, small volcanic cores were more likely to be discarded than rotated. 
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The absence of a relationship between weight, the primary analytical 
indicator of core size, and the decision to rotate cores is more difficult to 
explain. The simplest explanation is that weight can be the most difficult 
variable for a stone worker to judge and therefore the decision to rotate cores 
was based on more visible variables. Analysis of the frequency of core rotation 
proved the most useful and sure means by which to view technological decision 
making in an amorphous assemblage. 
Redirecting flakes 
Redirecting flakes are effectively another indicator of core rotation and, 
because they carry from their parent cores part of both the original striking 
platform and flaking surface, redirecting flakes relate closely to core 
morphology at the point of rotation. 
The ratio of redirecting flakes to cores indicates that core rotation might 
have been more frequent than indicated by the previous analysis. For example, 
the ratios imply that every third chert core was rotated in Stratum A and every 
fourth in Stratum B (Table 6.4, rounding up). Redirecting flakes created at cores' 
second rotation could cause this disparity, but the narrow range of redirecting 
flake length (Figure 6.15) does not suggest this. If the population of redirecting 
flakes was derived from first and second core rotations, the expectation would 
be that the length range would be wide, reflecting the appreciable intervening 
drop in core size, and thus redirecting flake length, between rotations. It is more 
likely that not all core rotation events were identified by the previous analysis. 
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Table 6.4: The redirecting flake to core ratio for each stratum and raw material type. 
No redirecting flakes were found in Stratum D. 
As discussed in Chapter 5 the two key variables in this analysis are 
redirecting flake length and core platform width. Both should represent the 
same variable, that is, prior to core rotation the planned striking axis for the 
redirecting flake sits along the platform width of the core (cf Figure 5.7). 
For the purposes of this analysis, cores in the Nombe assemblage 
effectively fall into two types: those that have not been rotated (the majority) 
and those that have. Because this analysis is attempting to look at the stone 
worker's decision making in the reduction sequence, an attempt is made to 
predict at what point the decision to rotate a core was made. To do this the 
analysis attempts to take in cores that were ready for rotation additional to 
those actually rotated. The two types of core for this analysis therefore become: 
(1) cores that were not rotated and were discarded before such a point was 
reached; and (2) cores that were rotated or reached a point where rotation was 
the next step if reduction was to continue. 
Separating these types into two populations for analysis, however, is not 
straightforward. To attempt this reductive indicators that correlate with core 
rotation are be used to identify cores that have either been rotated (also evident 
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on the cores themselves) or show the characteristics of a core that was about to 
be rotated. 
As described in the previous section, rotation frequency for chert cores 
appears to correlate with two reductive indicators: EPA and the negative flake 
scar count. For the analysis that follows, chert cores from Stratum B (presenting 
a better population size than their Stratum A counterparts) are used as a test 
case. 
Analysis of the relationship between rotation frequency and EPA for the 
chert cores from Stratum B (Figure 6.13) indicates that cores are much more 
likely to be rotated once a platform angle of 80 degrees on the original platform 
is reached. Of the cores that have been rotated (n = 29), 68.9 percent (n = 20) 
have an EPA of 80 degrees or higher. This result, however, is ambiguous: 69.2 
(n = 9) percent of unrotated cores (n = 13) also have an EPA of 80 degrees or 
higher. This is reflected in the analysis of varian,c~ results for the linear 
regression comparison of platform angle to rotations (Figure 6.13), and suggests 
that core rotation is not necessarily dependent upon core platform angle, 
despite the correlation coefficient results (Table 6.3). 
A similar pattern obtains for the comparison of frequency of core 
rotation to the negative scar count for the same set of cores (Figure 6.14). A 
count of 7 negative flake scars seems to mark to point at which core rotation 
was contemplated, with 71.4 percent (n = 21) of rotated cores showing 7 or more 
negative flake scars. Furthermore, the analysis of variance results for the linear 
regression comparing negative flake scar count to core rotations indicates a 
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significant result, suggesting that there is indeed a predictive relationship 
between the two variables. 
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Figure 6.13: A linear regression comparison of core rotation frequency to platform 
angle for chert cores in Stratum B (analysis of variance results: f = 7.43, p = .0095). 
The foregoing analysis establishes a set of general reduction-based 
indicators that can be used to determine a core's potential for rotation. The 
model is that once a core approaches an EPA of 80 degrees and shows at least 7 
negative flake scars it is more likely to be rotated than a core not reduced to this 
degree. Of the two variables, negative scar count appears to play the more 
important role in determining the frequency with which core rotation took 
place. 
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Figure 6.14: A linear regression comparison of core rotation frequency to negative flake 
scar count for chert cores in Stratum B (analysis of variance results:/= 39.45, p = .000). 
Using these characteristics, a subset of chert cores from Stratum B is 
derived to examine the relationship between redirecting flake length and core 
platform width. Again, chert cores from Stratum B continue as the case study, 
of which 47.6 percent (n = 20) fall into this subset. 
Core platform width shows a greater range than redirecting flake length, 
although the median value for redirecting flakes is higher (Figure 6.15). The 
latter is probably the result of the further reduction, and thus decrease in size, 
of cores from which redirecting flakes have been struck. Despite the greater 
range shown by platform width a t-test indicated that there was no significant 
difference between the two sets of values (t = 0.157, p = .876). This implies that 
the two variables, platform width and redirecting flake length, are essentially 
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the same. In turn, this ties redirecting flakes to core rotation and thus makes 
them a reflection of that decision making process. 
Cores Redirecting flakes 
Figure 6.15: A boxplot comparison of core platform width to redirecting flake length for 
chert cores from Stratum B. The cores used for this analysis were those that had been 
rotated or reached a point in reduction where rotation was predicted. This plot shows 
the median value and interquartile range. No outliers or extremes occurred. 
The population of rotated cores (including cores with the characteristics 
indicating imminent rotation) and redirecting flakes in Stratum B chert 
assemblage at Nombe appear to come from the same set of reduction 
· sequences. This is a strong indicator that the reduction of chert in Stratum B, in 
particular its middles stage, took place at the site. Because of their status as a 
purely reductive byproduct, redirecting flakes are unlikely to have been 
brought onto the site from elsewhere. Their presence, therefore, is an indication 
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of the way in which chert reduction was structured at the site, in particular its 
prolongation through the use of core rotation. 
Core rotation represented a key decision nexus in the reduction sequence 
at Nombe. The stone worker's decision to rotate cores seems to have been based 
on the observation of two reductive indicators, EPA and negative flake scar 
count, and was a technique more likely to be associated with chert than volcanic 
reduction. The frequency of core rotation can be identified in two ways: 
evidence on the cores and flaked pieces themselves; and the occurrence of 
redirecting flakes, which are shown here to be directly linked to core rotation. 
In addition, this analysis has described a means of identifying cores that 
show the potential for rotation, that is, showing characteristics that fall within 
the same range as cores that were rotated. This suggests that it is possible to 
delineate a subset of cores that, although at the point of rotation, were instead 
discarded. This seems, therefore, to be a direct reflection of decision making in 
the reduction sequence. 
Axis/mass concentration index analysis 
The examination of the core rotation data does not answer questions 
about the reductive state of cores at the point of discard. The combined analysis 
of core rotation and redirecting flakes suggested that core reduction at Nombe 
is generally representative of the middle stage of reduction. This is tested in the 
analysis that follows. 
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As discussed in Chapter 5, the capacity of a core to sustain further 
flaking is more complicated than simply its mass crossing an inertia threshold. 
The concentration of the mass of the core around several axes can led to it 
taking on an intractable shape, making it difficult to flake regardless of its size. 
The following analysis takes the axis/mass concentration index as a 
measure of core intractability and examines the question of the flaking potential 
of cores in the sampled Nombe assemblage at the point of discard. 
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Figure 6.16: A boxplot comparison of the axis/mass concentration index values for 
chert cores from Strata A and B. The plot shows the median, interquartile range and 
outliers. The two horizontal lines mark the threshold values of 7.0 and 9.0. 
The median axis/mass concentration value of chert cores in both Strata 
A and B falls below the threshold value of 7.0, indicating that at least some 
Reduction in th.e Nombe assemblage 223 
cores in those strata have been worked out. As the interquartile ranges 
demonstrate, however, for the majority of cores the axis around which their 
mass concentrated was indeterminable, that is, between 7.0 and 9.0 (Figure 
6.16). Nonetheless for Stratum A, 60.0 percent (n = 6) of cores show a value less 
than 7.0, with 28.6 percent (n = 12) of Stratum B cores in the same category . 
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Figure 6.17: A boxplot comparison of the axis/ mass concentration index values for 
volcanic cores from Strata A and B. The plot shows the median value and interquartile 
range. No outliers or extremes occurred. The two horizontal lines mark the threshold 
values of 7.0 and 9.0. 
Volcanic cores are different to their chert counterparts, although 
indefinite axis/mass concentration values still dominate (Figure 6.17). However 
the number of cores falling below the value of 7.0 is 41.2 percent (n = 7) in 
Stratum A and 48.6 percent (n = 17) in Stratum B. Compared to the chert cores 
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this suggests that volcanic cores are more likely to be worked out in Stratum B, 
but less so in Stratum A. 
Core reduction at Nombe 
Core reduction at Nombe was directed toward flake production. The 
reduction sequence was marked by a capacity to use small cores with high 
platform angles, although most cores were discarded before exhausted. Some 
differences between raw material types obtain. 
Chert cores in Stratum B are more intensely worked than any other set of 
cores at the site, indicated by a relatively high core to flake ratio for such small 
cores and greater likelihood of the use of core rotation. This is the more evident 
because of the apparent decline in the intensity of reduction of chert cores in 
Stratum A, marked by fewer cores overall and the discard of cores with lower 
platform angles, despite most being rendered intractable before discard. This 
suggests that less effort was put into maximizing flake production by these 
cores. 
The reduction of volcanic cores is more consistent across strata; the very 
high core to flake ratio in Stratum B can be explained by the presence of large 
cores, which could have produced a large number of flakes before becoming 
intractable, a state that more cores reached in this stratum. Fewer large and 
fewer intractable volcanic cores appear in Stratum A, although the differences 
are not significant. 
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Flakes 
An analysis earlier in this chapter indicated that the stone workers at 
Nombe were not producing flakes to a regular template. This provides the 
opportunity to test an analytical technique developed in response to the need to 
analyze the byproducts of more formal industries. The key issue here is 
whether the factors that control flake size in, for example, blade production, 
also operate more generally in an amorphous assemblage. 
The application of this analytical technique to the Nombe assemblage 
also contributes to the examination of the core reduction sequences. 
The relationship between flake platform morphology and flake length 
Experimental evidence (cf Dibble and Pekin 1995 and Pekin 1997) 
suggests that two variables, platform thickness and flake EPA, are the 
controlling factors in successful flake detachment and resulting flake size. 
For the analysis that follows flake length is used as indicative of flake 
size. Flake length was chosen because it correlates very closely with flake 
weight in the Nombe assemblage (for example, chert flakes from Stratum B 
gave a Pearson's correlation coefficient result of r = 0.576, p = .000). 
Concomitantly, when testing the success of the analysis that follows, flake 
weight produced similar correlation results as flake length (again, for example, 
chert cores from Stratum B gave a Pearson's correlation coefficient result of 
r = .0442, p = .000 for platform thickness against flake weight) (cf Table 6.5). 
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Pekin' s (1997:753) argument in favour of using flake mass is not as 
important for the analysis of the Nombe assemblage because Pekin (1997:749) 
was seeking to associate the control of flake variables with controlling the rate 
of blank reduction, that is, mitigating the loss of blank mass when flaked. 
Furthermore, Pelcin's (1997:749, 752) argument was predicated upon the 
deliberate use by stone workers of core morphology to control flake shape, 
referring particularly to technologies where cores operate blanks to produce 
. repeated flake shapes, such as blade core or Levallois technologies, which has 
no application in context of the Nombe. 
Flake length, on the other hand, is a more useful measure for the Nombe 
assemblage because it is considered to better align with the assumed purpose of 
reduction at the site, that is, the production of sharp edges regardless of shape 
or size. Length (or any other linear measure of the flake dorsal surface) 
therefore probably better reflects a flake's edge potential and thus its usefulness 
to the inhabitants of N ombe. 
In all but one case there appears to be a significant correlation between 
both platform thickness and EPA to flake length (Table 6.5). The exception is 
chert flakes from Stratum A, for which samp~e flake EPA and length do not 
correlate. 
The nature of the relationship between flake platform morphology and 
flake length is explored using the chert flakes from Stratum B as a case study. 
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0.0i 
VOLCANIC 
.000 0.01 
0.01 
Table 6.5: A comparison of flake EPA and flake platform thickness to flake length using 
Pearson's correlation coefficient. Significant results, and the level at which they are 
significant, are highlighted. No significant results obtained for the volcanic flakes from 
Stratum D. 
The relationship between flake platform thickness and flake length 
appears relatively straightforward: as general trend, thicker platforms result in 
longer flakes (Figure 6.18). 
.<::: 
Ci 
c: 
~ 
Q) 
...: 
ca 
u:: 
70 
60 
50 
40 
30 
20 
10 
Observed 
0 Linear 
. . . . . 
0 5 10 15 20 25 30 
Platfonn thickness 
Figure 6.18: A linear regression plot_ of the relationship between platform thickness and 
length for the chert flakes in Stratum B (analysis of variance results: f = 154.81, p = .000). 
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Although the relationship between flake EPA and length is not as strong 
as that for platform thickness (less than 5 percent of variance in length is 
attributable to EPA), again a very general trend can be observed associated 
higher platform angles with longer flakes (Figure 6.19). 
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Figure 6.19: A linear regression plot showing the relationship between platform angle 
and flake length for chert flakes in Stratum B (analysis of variance results: f = 7.61, 
p = .006). 
The causal relationship of the two flake platform variables to flake length 
is probably different for each. The use of thicker flake platforms means that, 
with a greater surface area to strike, more force could be imparted to the core 
thus allowing the production of a longer flake. For platform angles, however, 
the higher platform angles probably required imparting greater force to 
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successfully detach flakes, which also ended up longer. This mechanical 
relationship is discussed again in the analysis of flake terminations. 
The implications of the foregoing flake platform morphology analyses 
are twofold. First, it is apparent that the analytical technique has application in 
amorphous assemblages; regardless of flake shape, flake length is still 
influenced by platform thickness and EPA. Second, the analysis indicates that it 
is possible to accept flake EPA and platform thickness as variables important in 
identifying the progress of the reduction sequence that produced those flakes. 
Exterior platform angle is perhaps the most important variable in linking 
this analysis to core reduction. The EPA values represented on the flakes are the 
successful platform angles, that is, those that enabled flake detachment to take 
place. In this sense, flake EPA is quite different to core EPA. The variable 
measured on cores is from a component of the assemblage that has, 
theoretically, been discarded for technological reasons; that is, those cores 
cannot any longer serve their primary function of producing flakes. Flake EPA, 
on the other hand, represents a core's EPA at a point in the reduction sequence 
where that core was still considered by the stone worker capable of producing 
flakes. A relationship can be posited, therefore, in which flake EPA values show 
the platform angles used during the reduction sequence, while core EPA 
indicates the platform angles in use at the termination of reduction. This idea is 
investigated in the analysis that follows. 
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Figure 6.20: A boxplot showing EPA for chert cores and flakes from Strata A and B. The 
plot shows median value, interquartile range, outliers and extremes. 
In Stratum A, chert flakes appear to have been produced using higher 
platform angles than are evidenced on the cores that remain on the site. Major 
differences between core and flake platform angles are evident in Stratum A 
because of the wider distribution of core platform angles. The reverse occurs for 
Stratum B, where the two sets of variables appear almost identical (Figure 6.20). 
This was confirmed by two Wald-Wolfowitz tests. For Stratum A, the test 
confirmed on the maximum number of runs that the core EPA and the flake 
EPA populations have different distributions (z = 6.62, p = .000). This was not 
the case for Stratum B, where, on the maximum number of runs, the test did not 
differentiate the distributions of the samples (z = 1.68, p = .954). 
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Figure 6.21: A boxplot showing EPA for volcanic cores and flakes from Strata A and B. 
The plot shows median value, interquartile range, outliers and extremes. 
Volcanic cores and flakes showed very similar results as the chert 
artefacts. Volcanic flake platform angles in Stratum A appear higher than those 
on cores, while the two sets of platform angles in Stratum B are virtually 
identical, notwithstanding the occurrence of outliers and extremes (Figure 6.21). 
As for the chert artefacts, the EPA population distributions were tested 
using two Wald-Wolfowitz tests. The maximum run results for both Stratum A 
(z = 0.832, p = .797) and Stratum B (z = 1.126, p = .870) indicate that the 
population distributions of each set of values cannot be differentiated. 
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With the exception of the chert assemblage in Stratum A, there are close 
similarities between flake platform angles and core platform angles in the 
sampled assemblage. 
On the basis that flake EPA values represent usable platform angles, it is 
argued that this similarity with core EPA values suggests that, at a population 
level, the cores discarded at Nombe were not entirely worked out. This implies 
in tum that the sampled assemblage is dominated by the middle stage of 
reduction. 
The analytical technique adopted here (after Dibble and Pekin 1995 and 
Pekin 1997) has proved its application to an amorphous assemblage is 
worthwhile, in particular in confirming the flake variables which operate as 
reductive indicators and thus can be linked to the analysis of the core reduction 
sequence. 
Cortex 
Cortex was a major feature of the Nombe assemblage, with anywhere 
between 30 and 80 percent of artefacts exhibiting it according to class or strata 
(Table 6.6). The main type of cortex was pebble cortex (Figures 6.22 and 6.23), 
associated with the limestone origin of the chert and the creekbed origin of the 
volcanic stone. 
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CHERT 
Cores 4 40.0 22 52.4 
Flakes 84 38.4 199 31.2 
Debita e 55 43.0 129 37.0 
Subtotal 143 39.2 350 32.8 
VOLCANIC 
Cores 10 5R8 29 82.9 
Flakes 239 55.7 846 55.1 61 72.6 
Debita e 140 43.5 354 43.3 19 54.3 
Subtotal 389 50.4 1229 50.7 80 n/a 
Totals 532 46.8 1579 45.2 80 n/a 
n % 
Total cortex 2111 45.6 
Table 6.6: The number and percentage of artefacts in the sampled assemblage showing 
cortex (pebble and non-pebble combined). The second column indicates the percentage 
of cortical artefacts of the total for that class (taken from Table 6.1). In Stratum D only 
volcanic flakes and debitage occurred in sufficient quantities to make percentile 
analysis worthwhile. The "total cortex" figure, therefore, contains only those results 
from Strata A and B and is expressed as a percentage of the total sampled artefacts from 
those two strata. This latter figure represents 97.4 percent of the total sampled 
assemblage. 
In the most general terms, about 45 percent of the Nombe assemblage 
exhibited cortex. As a raw material, the volcanic stone was about 20 percent 
more likely to show cortex than the chert, although this varied by class. For 
both chert and volcanic artefacts across Strata A and B cores were more likely to 
show cortex than flakes. Debitage was also more likely to show cortex than 
flakes, which probably reflects the nature of the former as discarded byproducts 
of the reduction sequence (Table 6.6). 
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Figure 6.22: A comparison of the percentage of chert artefacts exhibiting pebble (p) and 
non-pebble (n-p) cortex in Strata A and B. 
Chert artefacts with cortex showed some chronological variability, which 
is consistent regardless of cortex type. Chert cores show less cortex in Stratum 
A, while the reverse was true for chert flakes and debitage. The differences 
across the two strata are minor, however, and always less than 10 percent 
(Figure 6.22). 
Volcanic artefacts are different again. In Strata A and B, volcanic flakes 
and debitage are equally as likely as each other to show cortex, be it pebble or 
non-pebble. Cores, however, are in the order of 25 percent less likely to show 
cortex in Stratum A than B. In Stratum D volcanic flakes were about 20 percent 
more likely to show cortex than their later counterparts (Figure 6.23). 
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Figure 6.23: A comparison of the percentage of volcanic artefacts exhibiting pebble (p) 
and non-pebble (n-p) in Strata A, Band D. 
Cortex removal was not an essential part of the reduction sequence for 
either raw material at Nombe. This varied little over time, although there was a 
trend for cores, chert and volcanic, to show less cortex in Stratum A, reflecting 
their greater reduction. Some variation is injected into this general observation 
by the examination of platform cortex. 
The removal of cortex to create a platform is assumed to be the first step 
in reduction, and presumably in response to the mechanical interference it 
could offer by dulling the blows from the hammerstone and thus reducing the 
effectiveness of flake detachment (cf Hiscock 1988:125, 145). 
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Figure 6.24: A comparison of the percentage of chert cores and flakes exhibiting cortical 
platforms in Strata A and B. 
For chert artefacts a consistent level of cortical platforms is observed in 
Stratum B. The major variation occurs in Stratum A, where cores are much 
more likely to show a cortical platform than previously (Figure 6.24). This 
implies that far less concern was being shown for the decortication of chert 
cores in the more recent period. 
Volcanic artefacts show a steady decrease in the occurrence of platform 
cortex over time. This is most marked for cores: between Strata B and A there is 
a 25 percent decrease in the number of cores showing platform cortex 
(Figure 6.25). This change is reflected in the volcanic flakes, although not as 
dramatically. Platform decortication appears to have more important for 
volcanic cores in the more recent period. 
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Figure 6.25: A comparison of the percentage of volcanic cores and flakes exhibiting 
cortical platforms in Strata A, B and D. 
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The removal of cortex was not an important component of the initial 
reduction sequence at Nombe. That said, analysis of the proportional 
occurrence of platform cortex indicates a change in raw mater!al reduction in 
Stratum A. The removal of platform cortex decreased dramatically for chert 
cores but increased to a similar degree for volcanic cores (Figures 6.24 and 6.25). 
This implies a change in the way in which the raw materials were worked in the 
more recent period. 
Sub-platform stacked step fracture (SSF) 
By building up under the edge of a platform on the striking face of a core 
SSF seriously impedes flake detachment by sharply increasing the platform 
angle. SSF appears to be the product of repeated strikes on the edge of a core 
Reduction in the Nombe assemblage 238 
platform in a failed attempt to remove flakes. Its presence therefore is a factor 
that may contribute to the decision to rotate or discard a core. On this basis it is 
used here as a general indicator of the comparative level of reduction 
undertaken with the two raw material types. 
SSF occurs in greater frequency on cores than on flakes (Figures 6.26 and 
6.27) because cores retain the evidence of their final reduction whereas the 
population of flakes has come from all stages of the reduction sequence. 
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Figure 6.26: A comparison of the percentage of chert cores and flakes exhibiting SSF in 
Strata A and B. 
Chert flakes exhibit a relatively stable frequency of SSF occurrence across 
Strata A and B, with a drop in the number of flakes showing SSF in Stratum A 
of less than 10 percent. Cores, on the other hand, show a more noticeable drop 
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in Stratum A of around 15 percent (Figure 6.26). This reflects a slight greater 
persistence in the use of chert cores in the face of developing SSF in Stratum B. 
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Figure 6.27: A comparison of the percentage of volcanic cores and flakes exhibiting SSF 
in Strata A, B and D. 
Volcanic flakes show very similar SSF results as their chert counterparts. 
Volcanic cores, however, show a slight increase in the frequency of SSF in 
Stratum A (Figure 6.27). This implies greater persistence with volcanic cores in 
that stratum, but the change is minor. 
Overall there is little difference in the frequency of occurrence of SSF 
between chert and volcanic artefacts. Chert flakes are more likely to show SSF 
than their volcanic counterparts, while chert cores less so. Rather than any 
persistence on the part of the stone worker, this may simply reflect the more 
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vitreous nature of the chert that allows flaking to continue longer, even with the 
development of SSF. 
Flake terminations 
The dominant type of flake termination at Nombe across all strata is 
feathered, making up between 30 and 50 percent of terminations. These are 
followed by hinged terminations, accounting for another 20 to 30 percent 
(Figures 6.28 and 6.29). 
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Figure 6.28: A comparison of the percentage of types of terminations for chert flakes in 
Strata A and B (showing f'.eathered, Hinged, ~tepped, Basal, Broken and Missing 
terminations). 
In both Strata A and B feathered terminations form the largest group for 
chert flakes. More hinged terminations occur in Stratum A than B, but the 
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difference is less than 10 percent. The most noticeable difference between strata 
obtains for basal terminations, more of which appear in Stratum A (Figure 6.28). 
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Figure 6.29: A comparison of the percentage of types of terminations for volcanic flakes 
in Strata A, Band D (showing feathered, Hinged, 2tepped, Basal, Broken and Missing 
terminations). 
The volcanic flakes show more chronological change in termination type 
than their chert counterparts. The proportion of feathered terminations 
decreases over time, to be replaced by a combination of, in order, hinged, 
stepped and basal terminations (Figure 6.29). This greater variability in the 
types of flake termination implies a lesser concern with control over flake 
production in the volcanic assemblage, a concern that decreased over time. 
Flake termination types reflect different stages in core reduction (Dibble 
and Whittaker 1981:287; Maudlin and Amick 1989:81), Flake terminations have 
therefore been assigned an important role in core reduction and, more 
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importantly, in operating as a threshold that results in core discard (Hiscock 
1988:118). These propositions are tested here for the Nombe assemblage in 
order to confirm the association of flake termination types with reductive stage 
and therefore identify the dominant reductive stages in the N ombe assemblage. 
Flake EPA is used as the variable indicative of the general level of 
reduction against which to test flake terminations, primarily on the basis of the 
analysis above . that linked flake EPA to core EPA, indicating the former 
variable's reflection of changes to EPA during the core-based reduction 
sequences. The relationship between high platform angles and abrupt flake 
terminations, that is, non-feathered, has been observed in other studies 
(cf Dibble and Whittaker 1981; Maudlin and Amick 1989). Furthermore, flake 
EPA appears to play a role in flake length in the Nombe assemblage, in 
particular high platform angles seem to produce longer flakes. Whether these 
terminate in such a way that would impede further core reduction, that is, in 
hinged, stepped or basal fracturing, is also tested. 
The relationships between flake EPA, flake length and flake terminations 
is performed using the nonparametric Spearman's rho correlation coefficient 
rather than the usual Pearson's test. The reason for this is that the flake 
termination data is qualitative and thus were assigned ranks in order to be 
testable, making Spearman's the more appropriate correlation coefficient test (cf 
Howell 1995:147-148). 
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EPA tofla.ke terminatioii -0.048 .478 0.05 
0.102 .133 P:Pl 
VOLCANIC 
EPA ·to flake termination ' 
No 
Table 6.7: Results for comparisons of flake EPA and length to flake termination type 
using Spearman's rho correlation coefficient. Significant results are highlighted and the 
level of significance given. No significant results obtained for the volcanic flakes from 
Stratum D. 
Both flake EPA and length correlate with flake termination type for 
certain segments of the sampled assemblage. In Stratum B both variables 
correlate with flake termination types for chert flakes, although flake length is 
the stronger predictor of the two (Table 6.7). For volcanic flakes in the same 
stratum there appears to be no perceptible relationship between flake length 
and termination type, but EPA does have some influence. Similarly, in Stratum 
A, a positive result obtains only for flake length and termination type and only 
for volcanic flakes (Table 6.7). 
In general, longer flakes and flakes with a lower EPA are more likely to 
show feathered terminations. For some samples tested, EPA appears influential 
in predicting flake termination type and therefore the latter variable probably is 
related to reductive stage. The correlation results seen for flake length may 
simply be the result of premature terminations resulting in shorter flakes, an 
assumption that muddies any a posteriori conclusions in this regard. 
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Despite the positive relationship between higher platform angles and 
longer flakes, and the positive relationship in turn between longer flakes and 
early-reductive stage flake termination types (feathered and hinged), there is 
also some results to suggest that high EPA did result in the types of flake 
terminations that mark later-stage reduction. These results are the positive 
relationships observed between high EPA and flake termination type. 
This is made clearer by taking as an example the relationship between 
flake EPA and flake termination types for the chert flakes from Stratum B in 
more detail. 
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Figure 6.30: An error bar chart depicting mean flake EPA associated with flake 
termination types (reathered, Hinged, ~tepped, Basal, Broken and Missing 
terminations). For chert flakes from Stratum B. The error bars depict the 95 percent 
confidence interval for the mean values. 
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The chert flakes from Stratum B serve to illustrate the general 
relationship between EPA and flake termination type (Figure 6.30). Feathered 
and hinged terminations are associated with broadly similar, lower platform 
angles and marked by a narrower 95 percent confidence interval for the mean 
value. Stepped and basal terminations are associated with higher platform 
angles. Broken and missing terminations cover almost the whole range of 
platform angles, reflecting their status as post-reductive termination types. 
These results here, and the preceding, appear to support the contention 
that flake termination type can be associated with reductive stages. First, a 
positive correlation can be seen in some cases between a gradational reductive 
indicator (that is, EPA) and flake termination type. Second, the flake 
termination types attributed to the earlier stages of reduction do ·appear to be 
associated with lower platform angles. 
In combination with the frequency data presented at the beginning of 
this section it is possible to attach general reductive stages to the raw material 
types at Nombe for each strata. 
Chert falls into the early and middle stages of reduction, especially in 
Stratum B. In Stratum A, an increase in the frequency of basal terminations 
suggests that reduction was tending towards a later stage of reduction and the 
use of higher platform angles. Curiously the decline in hinged flake 
terminations contradicts this (cf Dibble and Whittaker 1981:288). An alternative 
suggestion is that less care was taken in chert reduction in Stratum A. 
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The volcanic flakes show a similar pattern, which begins in Stratum D, 
and shows a decline in the frequency of feathered terminations over time. This 
is reinforced by the increase in both stepped and hinged flake terminations, 
which sugg~sts that more volcanic flakes in Strata A and B were derived from 
the later stages of reduction than in Stratum D. The general pattern suggests 
that volcanic stone was more intensely reduced in Stratum A than volcanic 
stone in other strata, and more so than the chert in the same strata. 
Retouched artefacts 
Very few retouched artefacts occur in the sampled Nombe assemblage; 
only 54 were identified, representing 1.1 percent of the sampled assemblage. All 
were located in Strata A and B, the majority occurring in Stratum B. In the more 
recent stratum most retouched artefacts are chert, while in Stratum B their 
occurrence is more evenly divided between chert and volcanic flaked pieces 
(Table 6.7). 
The majority of retouched pieces show SSF as their edges, 100.0 percent 
(n = 6) in Stratum A and 91.6 percent (n = 44) in Stratum B (Table 6.7). SSF 
occurring as retouch was distinguished from that identified as a reductive 
indicator (discussed above) on the basis of its location on the artefact. The key 
feature of SSF as a reductive indicator was its direct association with a platform 
used for detaching flakes (on a core) or that had been used to detach a flake (on 
a flake). This determination was not based on functional considerations, there 
being no reason why SSF on a core could not have also functioned as an edge, 
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11 100.0 0 0.0 0 0.0 90.0 n/a 
21 100.0 0 0.0 0 0.0 85.0 4.2 
6 100.0 
Flakes 14 93.3 1 6.7 0 0.0 81.9 8.9 74.0 n/a 
Debitag:e 10 83.4 1 8.3 1 8.3 80.5 6.9 84.0 n/a I 78.o I n/a 
VOLCANIC I Flakes 12 92.3 1 7.7 0 0.0 85.7 8.2 55.0 n/a 
Debitag:e 8 100.0 0 0.0 0 0.0 81.8 7.0 
44 91.6 3 6.3 2.1 
50 92.6 3 5.6 11 1.8 
I Total retouched artefacts 54 I 
Table 6.8: The summary of the retouched artefacts from Nombe. No retouched artefacts were located in Stratum D. 
1 Where only one retouched artefact was located per type of retouch, the mean edge angle is the result recorded for that artefact. 
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but was driven by the reductive orientation of the analysis. As discussed in 
Chapter 3, functional artefacts in highlands New Guinea assemblages go well 
beyond those identified by the occurrence of retouch (cf Brass 1993, 1998). 
A small number of flaked pieces showed flaked and scalar retouch, all of 
which were located in Stratum B (Table 6.7). 
The edge angles of the retouched artefacts are generally quite steep. For 
the artefacts showing SSF retouch there is no evidence to suggest that this 
varied over time. A Mann Whitney U test (z = 0.404, p = .694) indicated no 
difference in the distribution of edge angle values between Strata A and B. 
Similarly, the application of the same test (results z = 1.81, p = .070) indicated 
that the distribution of edge angle values between SSF and non-SSF (flaked and 
. 
scalar combined) retouch was not significantly different. 
The retouched artefacts identified in the sampled N ombe assemblage 
were few in. number and steep edged, regardless of raw mater_ial, strata or 
retouch type. These steep edged implements were possibly associated with 
woodworking tasks requiring a robust edge (cf Hayden 1977b:185), with most 
other tasks fulfilled by using unmodified flakes. Regardless, the Nombe 
assemblage seems functionally non-specific, its users relying instead on flake 
production to provide sufficient useful edges. 
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THE ANALYSIS OF THE NOMBE ASSEMBLAGE 
The analysis of the Nombe assemblage served two purposes. First it 
sought to reconstruct the reduction sequences used to produce flakes at the site 
over the three stratigraphic strata. This is discussed in detail in the chapter that 
follows. 
Second, this chapter set out to test the applicability of the analysis of 
reductive indicators to an assemblage comprising flaked stones that showed no 
identifiable and repeated artefact forms. The methodology adopted was taken 
from a variety of previous analyses (cf Chapter 5) undertaken in Australia and 
the Northern Hemisphere, all of which have been applied to assemblages 
containing a formal component. Lacking this, the focus of the analysis of the 
Nombe assemblage was on the cores and the ways in which the variables 
observable on these changed as the cores were worked to produce flakes. 
The major limitation of the analysis here was the relatively small sample 
sizes for cores1 especially chert cores from Stratum A. The analysis of flakes, 
which were considerably better represented, was therefore also used in the 
reconstruction of the reduction sequences, particularly the way in which the 
variables controlling flake reduction impacted upon the continued viability of 
cores. 
The other limitation of the methodology used here is its generality; that 
is, it has examined the components of the assemblage at a population level. This 
means that its applicability to retouched artefacts, particularly as observed by 
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previous analyses (for example, Bulmer 1966, White 1967, 1972) is limited. 
While the current study could have focussed on the reductive morphology of 
cores and flakes identified as implements, an earlier study suggests that artefact 
morphology has very little to do with their selection for use (Fullagar 1989). 
Overall the methodology adopted has worked. It has allowed the 
identification of variables on cores and flakes that reflect the progress of the 
reduction sequence and enabled the comparison of reduction across raw 
material types and strata. Perhaps the most useful result, however, is the 
creation of a methodology that can be applied successfully to assemblages that 
are directed towards the production of nothing more than flakes. The most 
important methodological development of the analysis has been the 
identification of core rotation as a key indicator of prehistoric technological 
decision making in an amorphous assemblage. It is this aspect of the analysis 
that has provided the clearest glimpse of the technical mental processes, the 
savoir1aire (cf Chapter 5) of the stone workers at Nombe. 
The broader economic implications of the analysis are discussed in the 
chapter that follows. 
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Endnotes to Chapter 6 
1 For both the chert and volcanic flakes a series of Mann Whitney U tests was calculated 
comparing length and width (as separate variables) across strata. No significant results 
obtained. The purpose of these tests was to make certain that combining the two 
variables into a ratio had not homogenized the variables to the degree that significant 
differences would be disguised. 
· 2 The argument that evidence for rotation on very small cores was gone as a result of 
the continued removal of flakes was countered in this analysis by amalgamating the 
figures for core rotation determined from cores with that from flaked pieces. Some of 
these, especially flakes, would be those pieces that have carried away the evidence for 
rotation from the flaking surface of small cores. 
7 
FLAKED STONE AND SUBSISTENCE AT NOMBE 
The results from ethnographic examinations of the production of 
chipped stone artefacts in highlands New Guinea (Watson 1995, White et al. 
1977, White and Thomas 1972) emphasize two recurring themes that have come 
to dominate thinking about these assemblages. First and foremost, the makers 
(and users) of chipped stone artefacts were not concerned by the shape of the 
artefacts produced. Second, the artefacts they produced were put to multiple 
uses in an entirely ad hoc fashion. These conclusions have deeply influenced the 
application of archaeological data from these assemblages to questions of 
subsistence in prehistoric highlands New Guinea. The lack of artefactual form 
has discouraged the analysis of the technology itself, while the non-specific 
usefulness of the artefacts themselves has meant that their role in subsistence is 
assumed to be one of general, but not economically influential, utility. Use wear 
analysis has tended to confirm this conclusion (Brass 1993, 1998). 
The foregoing analysis has not examined the function of artefacts in the 
Nombe assemblage, nor has it overly concentrated on the form of the artefacts. 
Instead it has looked at how the Nombe assemblage was created, primarily 
through analyzing the reduction of cores. Reductive, rather than morphological 
or functional, indicators have not been applied before to a highlands New 
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Guinea assemblage. This chapter applies the results of the reduction-based 
analysis to two topics: the nature of highlands New Guinea flaked stone 
assemblages as illustrated at Nombe, and in particular chronological change; 
and to the role the Nombe assemblage, and the way it was organized, played in 
subsistence at the site. 
REDUCTION IN THE NOMBE ASSEMBLAGE 
The reduction sequences manifest in the Nombe assemblage are 
straightforward. Cores were reduced to produce artefacts with sharp edges, for 
the most part in the form of flakes. The Nombe stone workers showed little 
concern about the shape of the flakes as struck from cores (preparatory work on 
cores prior to commencing reduction was limited to the removal of some, but 
by no means all, cortex) and there is no evidence for further shaping of flakes 
before use. 
The organization of the Nombe assemblage therefore hinges around the 
productivity of cores, that is, the number of flakes that can be derived from 
cores before mechanical constraints demand their discard. This is a relative 
measure: larger volcanic cores in absolute terms produced more flakes than 
smaller chert cores, but volcanic cores also produced larger flakes (see below) 
reducing in size the volcanic cores at a rate comparable to their chert 
counterparts. Core reduction was also prolonged by such measures as core 
rotation, which reflect decision making in the reduction sequence, that is, points 
at which the decision was made whether to discard a core or persist in its 
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flaking. The results of these decisions, linked to the reductive indicators on all 
artefacts, provide the means by which raw material and chronological 
variations are observed. 
Variation across raw material type 
The proportions of raw material types flaked in the sampled Nombe 
assemblage show no significant variation in the Holocene. Volcanic stone in 
Strata A and B represents almost 70 percent of the assemblage (Table 7.1). Only 
in the Pleistocene (Stratum D) is there a significant variation to this pattern, 
with a very small amount of chert represented (Table 7.1). 
CHERT 
Subtotal 365 32.1 1068 30.6 6 4.8 
VOLCANIC 
Subtotal 772 67.9 2426 69.4 120 95.2 
Total 1137 100.0 3494 100.0 126 100.0 
Table 7.1: The proportions of raw material types over strata in the sampled Nombe 
assemblage. This table collapses the artefact classes into raw material types only 
(from Table 6.1). 
Although the small size of the Pleistocene sample of flaked stone, the 
minimal occurrence of chert is notable. Given that the proportion of chert across 
Strata A and B does not vary, despite the earlier level containing about three 
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times as many pieces of flaked stone regardless of raw material type, the 
difference observed in the Pleistocene is probably meaningful. The difference 
can be attributed in part to raw material availability in the area immediate to 
Nombe. The deposits containing chert closest to Mt Elimbari are Holocene in 
origin and would not have been available during the Pleistocene (Bain and 
Mackenzie 1974). As will be discussed below, the patterns of Pleistocene 
visitation to the site was marked by the provisioning of individuals (rather than 
places) with a supply of flakable stone and the scarcity of the chert reflects this. 
At a population level volcanic artefacts are generally bigger than their 
chert counterparts. In Stratum B volcanic cores are significantly heavier than 
chert cores (Mann Whitney U test, z = -4.501, p = .000), while in Strata A and B 
volcanic flakes are significantly larger (as measured by length, cf. Chapter 6) 
than chert flakes (t-tests, t = 4.261, p = .000 and t = -10.141, p = .000 respectively). 
The exception is cores in Stratum A, where no significant difference is observed 
in the distributions of core weight between the raw material types (Mann 
Whitney U test, z = -1.657, p = .097). The implications of this result are discussed 
below. 
Despite the apparent differences in size distributions, volcanic and chert 
flakes show the same shape ranges. A comparison of flake length/width ratios 
between the two raw material types revealed no significant differences in 
distribution in Stratum A (Mann Whitney U test, z = -0.750, p = .453) or Stratum 
B (Mann Whitney U test, z = -1.190, p = .234). 
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In terms of raw material types the primary variation is in artefact size: 
volcanic artefacts are larger, with the exception noted. The explanation for this 
probably lies in the unreduced nodule size for each raw material type. The 
largest and least reduced of the volcanic cores are at least twice the weight of 
similar chert cores. In general terms, the volcanic pebbles chosen as cores were 
much bigger than the chert pebbles selected. The local geology and 
geomorphology no doubt governed the nodule sizes of each raw material 
available for selection. 
V ariatiOn over time 
Chronological variation in flaked stone assemblages, in particular over 
the Pleistocene-Holocene divide, has been identified as perhaps the most 
important issue in the prehistory of the Australian and New Guinean region 
(Holdaway 1995:795). The formal changes envisaged by Holdaway (1995:795) 
do not obtain in the Nombe assemblage and Holdaway (1995:793) eschews raw 
material variation as chronologically or behaviourally meaningful. For the 
purposes of the analysis of the site of Nombe, therefore, chronological variation 
in the stone assemblage is compared to that in the faunal assemblage for the 
purpose of reconstructing patterns of subsistence behaviour. 
The Pleistocene, c. 25,000 to 15,000 years bp (Stratum D) 
The Pleistocene flaked assemblage at Nombe is small and dominated by 
volcanic stone. Most artefacts present in Stratum D are flakes. 
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Although cores are noticeably absent, the reductive indicators observed 
on other volcanic artefacts show a tendency towards the initial stage of 
reduction. Most artefacts retain cortex, especially cortical platforms, feathered 
flake terminations occur with greater frequency than in later strata and the 
~ 
evidence for core rotation indicates that it would have occurred for around 
5 percent of cores. The frequency of SSF is no greater than for later strata. 
Volcanic flakes in Stratum D are not proportioned differently to those in 
later strata, but, in terms of a term trend, they are larger. Again using length as 
a measure, volcanic flakes from Stratum D are not significantly larger than 
those in Stratum B (t-test, t = -1.014, p = .311), but are larger than those in 
Stratum A (t-test, t = -2.882, p = .004). 
During the Pleistocene Nombe appears to have been a site where the 
initial reduction of volcanic cores took place and there was differential discard 
of cores and debris. An incidental amount of chert was also flaked. The volcanic 
cores, however, were not discarded at the site, nor were the products from the 
later reduction stages. This suggests that the volcanic nodules were brought to 
the site for decortication and to provide a limited number of flakes for use at the 
rockshelter. The bulk of the reduction of the volcanic cores appears to have 
taken place elsewhere, as did the use and discard of the flakes thus produced. 
The early Holocene, c. 10,000 to 4,500 years bp (Stramm B) 
The early Holocene sample represents the bulk of the stone flaked at 
N ombe. The most important variation from the earlier period is the increased 
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importance assumed by chert as a flakable material, although the assemblage is 
still dominated by volcanic artefacts. 
The reduction of chert at Nombe during this period is relatively intense, 
marked by small cores and the use of high platform angles. This more intense 
reduction, especially over the later period, is reflected in the lower frequency of 
chert cores in this stratum showing platform cortex and a greater tendency to 
persist with reduction in the face of the development of SSF on core faces. In 
general these reductive indicators reflect the terminal stage of reduction of the 
chert cores in Stratum B. 
Despite this apparently intense reduction of chert in this stratum, the 
analysis of the axis/ mass concentration indices for chert cores and the 
examination of flake terminations indicate that, for these reductive indicators at 
least, the Stratum B chert assemblage was in the middl~, ·not initial, stage of 
reduction. In the face of the majority of the reductive indicators, however, this 
can probably be seen as an issue of reductive control. In other words, chert 
cores were not rendered intractable and flakes with feathered terminations 
were still produced into the later stage of reduction because of the care taken in 
flaking and the judicious use of core rotation, which occurred in about 
20 percent of chert reduction sequences in this stratum. 
Chert flakes in Stratum B do not differ in shape to chert flakes from the 
later period, nor, based on length, are they different in size, reflecting the results 
for core size (t-test, t = -0.109, p = 913) (cf Chapter 6). 
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The volcanic stone artefacts in Stratum B show reductive indicators 
consistent with a tendency more towards the initial stage of reduction than is 
shown in the following period: the indicators are a higher frequency of cortex, 
especially platform cortex, more feathered flake terminations and a lower 
frequency of core rotations. This tendency towards initial reduction in 
Stratum B is not as marked as for the preceding period. 
Again the issue of reductive control intrudes: volcanic cores in Stratum B 
are more likely to be intractable at discard than in Stratum A, and show a 
greater likelihood of this than chert cores from the later stratum. This probably 
reflects two factors. First, volcanic cores in Stratum B produced significantly 
larger flakes than those from Stratum A (t-test, t = -3.353, p = .001), despite the 
cores being no larger. This implies that the cores would have been reduced 
more quickly in the earlier period. Second, rotation of volcanic cores in 
Stratum B exacerbated this by accelerating their reduction slightly; volcanic 
redirecting flakes are significantly larger than ordinary flakes in this stratum 
(t-test, t = 2.790, p = .005).1 
The combination of reductive indicators for the Stratum B volcanic 
artefacts suggests that the raw material type was reduced relatively quickly and 
with little concern for prolonging core reduction. This contrasts with the chert 
for the same period. Given the dominance of volcanic artefacts in the 
assemblage this probably reflects the ready availability of the raw material type. 
Flaked stone and subsistence at Nombe 260 
The late Holocene, c. 4,500 years bp to the present (Stratum A) 
The key feature of the final period of stone reduction at Nombe is the 
transposition of the reductive characteristics of the chert and volcanic artefacts: 
the intensity of the chert reduction decreases and appears to be replaced by 
more intense flaking of the volcanic stone (Figure 7.1). 
Figure 7.1: A schematic diagram depicting the dominant raw material in each reductive 
stage at Nombe during the three periods of the site's stratigraphy. Both raw materials 
show artefacts from the middle stage of reduction in all periods. 
The most evident indicators of this change are significantly lower 
platform angles than previously on chert cores at discard (cf Chapter 6) and the 
production of comparatively smaller volcanic flakes than in the earlier period 
(discussed above). This trend is reinforced by volcanic cores showing a lower 
frequency of cortical platforms than previously, a higher frequency of SSF and 
volcanic flakes a broader range of types of flake terminations. 
At the same time, chert cores are more likely to show cortical platforms 
and are less likely to display SSF. An apparent lack of concern with maximizing 
flake production from chert cores is evident from two reductive indicators. 
First, the increased proportion of cores discarded in an intractable shape, 
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despite lower platform angles and, second, the increased frequency of basal 
flake terminations (reflecting the input of too much force into cores), which 
would have very quickly rendered the cores unusable. Chert cores in Stratum A 
are no smaller than in the previous level (cf. Chapter 6), and therefore the 
characteristics of the requction sequence of the later-period cores cannot be 
attributed to attempts to use smaller cores as a result of raw material 
restrictions. The explanation seems to lie in a decrease in the importance of 
chert as a flakable material. 
The chert assemblage from Stratum A is the only component of the 
sampled assemblage for which a significant difference obtains in the 
distributions of core and flake EPA values. Although this is possibly the result 
of the small sample of chert cores from this stratum, it may also, reflect a 
separation in reductive level of the chert cores and flakes at the site. A possible 
implication of this result is that the cores from which the chert flakes were 
removed are not part of the sampled assemblage, and probably not present at 
the site. This in turn suggests that at least some of the reduction of the chert 
discarded at Nombe took place elsewhere. 
Core reduction and flake production in the Nombe assemblage 
The Nombe assemblage is structured around flake production and, to 
varying degrees, sustaining the usefulness of cores to do this. The way in which 
the structure of the assemblage can be interpreted is therefore relatively 
straightforward. 
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Although differing in detail, the aims of the organization of stone 
resources at Nombe were essentially similar in all periods. Nombe was a site to 
which stone was brought for flaking and use at the site and elsewhere in the 
surrounding region. The basic trends were established in the Pleistocene and 
continued, with elaboration, into the Holocene. The main changes in the later 
periods centre on chert reduction, which establishes certain trends such as the 
use of small cores, that are then applied to the volcanic assemblage in the final 
period of the prehistoric occupation of the site. 
The level of structuring·of the stone assemblage at Nombe was limited in 
the Pleistocene (Stratum D). While the site was used as a place to flake stone, it 
was primarily a location of the partial discard of an assemblage dominated by 
volcanic stone. The volcanic stone that was flaked at and taken from Nombe, 
which appears primarily to be the decorticated cores, was probably discarded 
away from the site at use locations. Because Nombe did not offer exclusive 
access to resource zones, it undoubtedly formed part of a larger pattern. 
Essentially, Nombe was a convenient location to flake stone. 
The period c.15,000 to 10,000 years bp (Stratum C) remains a mystery. 
Human activity at Nombe was even more sporadic than in the previous period, 
and almost nothing can be said about the stone technology. It does 
demonstrate, however, the relative lack of importance of Nombe as a stone-
working site seen also in the previous period; it was possible for people to 
frequent the Nombe area without the need to flake stone at the site. Stratum C 
is associated with a period of post-glacial warming, resulting in a decline in the 
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alpine grasslands and increased importance of the forest ecotone on Mt 
Elimbari. Human visitation to the site after this was based around a different 
pattern of resource use. This is discussed in detail in the following section. 
After this apparent hiatus in stone working at the site, Nombe became a 
location at which stone was regularly flaked. The key change here to the 
structure of the assemblage was the addition of chert, which made up a third of 
the assemblage. The feature of the chert component that distinguishes its 
reduction from that of the volcanic stone was its capacity to sustain prolific 
flake production using small cores. Despite the introduction of a chert 
assemblage to the site, the reduction of volcanic stone continued much as it had 
during the Pleistocene. 
This change to the structure of the assemblage persisted until the late 
Holocene, at which time the importance of the chert assemblage appears to 
have declined and been replaced by volcanic stone. In this period the reduction 
of volcanic cores, especially in terms of core size at discard and the flakes 
produced, more closely resembled chert reduction in Stratum B than it did 
volcanic reduction in the same period. In other words, some of the 
technological behaviour associated with chert reduction in the early Holocene 
appears to have been transferred to volcanic reduction in the late Holocene. 
The occupation of specific-purpose sites? 
Cole (1996) suggests that sites in highlands New Guinea can be divided 
into those used for maintenance activities and those used for resource 
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extraction. Although Cole (1996) based this distinction on functional 
interpretations of the Watson and Cole (1978) edge-based typological divisions 
(cf Chapter 3), the general idea operates well if the entire assemblage, bone and 
stone, is assessed at highlands sites. 
Nombe in the early Holocene is for the most part an extractive site, the 
occupation of which was primarily oriented towards hunting forest animals. 
The stone assemblage was organized to support this activity. 
This contrasts with the site of Kafiavana, which was occupied in the 
terminal Pleistocene (White 1972:108; cf Table 3.6). Unlike highlands sites of 
similar antiquity, Kafiavana appeared to contain a relatively small faunal 
assemblage (White 1972:92-3), but a very large amount of flaked stone 
suggesting the site's use as a workshop (White 1972:101). Arguably Kafiavana 
was a maintenance site dedicated to the creation and support of a flaked stone 
assemblage for use elsewhere. The relatively small faunal assemblage may 
simply represent the subsistence activity levels necessary to support the 
procurement visits to the site. 
A limited comparison of a small number of chert cores ( n = 7) and flakes 
(n = 180) from the Kafiavana assemblage to the contemporary Stratum B chert 
assemblage at Nombe2 supports this suggestion. 
Although chert cores at Kafiavana are no bigger (or smaller) than their 
Nombe counterparts (Mann Whitney U test on weight, z = -1.168, p = .092), they 
generally show a lesser degree of reduction. The Kafiavana cores show higher 
frequencies of cortex (57.1 percent, n = 4) and platform cortex (42.9 percent, 
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n = 3), but a lower frequency of SSF (57.1 percent, n = 4). The axis/mass 
concentration index results support this view, with only 1 core showing a value 
below 7.0 and 3 cores above 9.0. Core rotation is rare (5.1 percent of cases) and 
only 2 redirecting flakes were identified. Core EPA values were not 
significantly different between the two sites (Mann Whitney U test, z = -0.229, 
p = .819). 
The sample of chert flakes from Kafiavana also indicates earlier rather 
than later reduction taking place at the site. The chert flakes at Kafiavana are 
proportioned similarly to those at Nombe (Mann Whitney U test on 
length/width ratios, z = -1.772, p = .085), but the Kafiavana flakes are larger 
(t-test on length, t = 3.605, p = .000). They also show higher frequencies of cortex 
(56.1percent,n=101), platform cortex (32.2 percent, n = 58) and feathered flake 
terminations (48.3 percent, n = 87) than the chert flakes from Nombe. 
The importance of Kafiavana lies in its access to a supply of chert made 
available by geomorphological changes at the end of the Pleistocene -
(cf. McMillan and Malone 1960). The relatively small faunal assemblage and a 
flaked stone assemblage concentrated in the initial stage of reduction suggests 
that the occupation of Kafiavana was oriented towards creating a flaked stone 
assemblage, probably for use at other sites more oriented towards hunting and 
forest subsistence activities. The small faunal assemblage also mitigates the 
possible explanation that the stone working at Kafiavana remained in the initial 
stage of reduction because of a high rate of discard encouraged by the ready 
availability of stone. A more concentrated faunal assemblage could be expected 
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if the site was occupied just for hunting and the large supply of stone nearby 
coincidental. Just as Nombe provided access to animal resources because of its 
environmental surrounds, Kafiavana provided access to an effectively 
inexhaustible supply of good quality stone. 
Based on such a small sample, the assemblage difference proposed 
between Kafiavana and Nombe are tentative. Nonetheless, the differences are 
suggestive. It is likely that with further analysis it will be possible to link the 
occupation of prehistoric sites in highlands New Guinea to decisions driven by 
logistical mobility. requirements. Kafiavana, for example, was used as a base 
from which forest animals were hunted, but the nature of its stone assemblage 
suggests that a more important reason for the occupation of the site was as a 
location from which a provision of flakable stone could be procured. 
The decline of chert reduction? 
Chert artefacts dominate the majority of highlands New Guinea sites for 
which the stone assemblages have been analyzed (cf Bulmer 1966; White 1967, 
1972). At the two sites where this is not the case (Manim (2) and Ritamauda) a 
late Holocene change in raw material usage occurs which is comparable to the 
Stratum A changes in reductive patterns at Nombe. 
The Manim (2) assemblage is dominated by volcanic stone, with a small 
amount of more siliceous materials (mudstone and chert to a total of 10 percent) 
present (Mangi 1984:76). As with Nombe, these proportions did not change 
over time (Mangi 1984:142), except in the last 2,000 years. Examination of 
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Mangi' s (1984) data indicates that cores became smaller towards the end of the 
Holocene and the use of mudstone and chert ceased altogether. Volcanic stone 
continued in use. The possible explanation for this change is twofold. Mangi 
(1984:170) indicates that it marks a change in focus of human activity away 
from the rockshelter and onto the neighbouring valley floors. Mangi's (1984) 
data additionally suggest that the effort put into sustaining chert reduction, 
which appears based around small initial nodules, was no longer worth the 
effort. This seems to indicate a decrease in the importance of flaked stone in 
subsistence activities at the rockshelter; the coarser grained volcanic stone was 
functionally adequate. 
A similar change occurs at the Jimi Valley rockshelter site of Ritamauda 
at about 2,500 years bp. At this site the flaking of a fine-grained siltstone 
declines in favour of a coarser hornfels (Gorecki 1989:160). This change is 
associated with the production of squarer flakes; there is an increase in the 
production of siltstone blade-like flakes before hornfels becomes dominant, but 
thereafter both raw material types are used to produce flakes that are 
predominantly as wide as they are long (cf. Figures 3.11 and 3.12). 
In both examples described here the decline in the use of more siliceous 
stone in favour of coarser grained materials is associated with changes that 
mark also a decline in the importance of the chipped stone assemblage. At 
Manim (2) the raw material change is arguably linked to a decision not to put 
the effort into flaking very small cores, in addition to posited subsistence 
changes. At Ritamauda a different change in emphasis on what is considered 
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worthwhile effort can be observed; the raw material change coincides with a 
cessation of the manufacture of blade-like flakes. The latter would have offered 
an efficient use of stone and effort (cf. Torrence 1989b:58), but was given over in. 
favour of a more wasteful strategy. 
The circumstances of the raw material change at N ombe falls in between 
Manim (2) and Ritamauda, with persistent use of small chert cores but with a 
disregard for maximizing flake production, as had characterized the preceding 
period. Instead the coarser grained volcanic stone sufficed; its initially large 
core sizes would have minimized the effort needed to obtain flakes, although 
the flakes produced were larger. 
In all three cases, the change in raw material preference is attached to 
technological indicators that show a decline in the importance attached to stone 
artefacts. This is manifested either through a decline in potential efficiency 
(Ritamauda) or a decline in the effort put into initiating chert reduction and 
then sustaining core productivity (Manim (2) and Nombe). At all three sites this 
is also marked by a decline in artefact density. The relationship between this 
change in the organization of the Nombe assemblage and changing subsistence 
requirements is examined in the following section. 
STONES, BONES AND LOGISTICAL MOBILITY AT NOMBE 
During all periods the flaked stone assemblage at Nombe, or rather the 
sharp edges it provided, was an important adjunct to the hunting patterns 
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evident at the site in the faunal assemblage. As these patterns of hunting 
changed, so too did the flaked stone assemblage. The distinctive structuring of 
the flaked stone assemblage at Nombe during the early Holocene, for example, 
was driven by changing subsistence patterns, marking a broadening resource 
base and the move to reduce the risks associated with procuring meat. The key 
to interpreting the linked changes in subsistence (predominantly hunting 
simply because it is archaeologically visible from the faunal assemblage) and 
the flaked stone assemblage is the concept of logistical mobility (discussed in 
Chapter 4). This concept is used here to examine the role of the chipped stone 
assemblage in supporting hunting, in particular as hunting strategies changed. 
The long-term use of Nombe as a hunting site illustrates this. 
The first human occupation of Nombe at around 24,000-25,000 years bp 
occurred at a time when the site was relatively dose to the treeline and just 
before the treeline reached its lowest altitude of 2,200 metres asl at the glacial 
maximum around 18,000 years bp. The occupants of the site would have had 
ready access to the forest margins and nearby subalpine grasslands (Mountain 
1991b:10.3). The fauna! remains at Nombe from this period suggest that these 
resource zones were important to the site's earliest visitors. Hunting techniques 
used during this time may well have involved burning patches of the forest to 
attract grazing animals, such as macropods, and, importantly, rendering 
occupation of the forest more comfortable in areas where rockshelters did not 
exist (Mountain 1991b:10.5). Humans were attracted to the resource zone within 
reach of Nombe by the lure of large prey animals, such as diprotodontids, 
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Protemnodon and Dendrolagus, which were probably vital in providing fat in a 
diet lacking in oils (Mountain 1991b:9.16-9.17). Recent preliminary results 
showing cut marks made by stone tools on Zaglossus bones (Walshe pers. 
comm.) provide a glimpse of this role that the site played in subsistence. 
Two key themes emerge. First, Nombe was occupied as part of the 
exploitation of nearby resource zones and, closely related to the first point, it 
was not permanently occupied. In other words, the visitors to Nombe probably 
utilised other sites as well. These two points set the pattern for the organization 
of stone as a resource at the site. 
Despite its paucity relative to the later periods, stone was flaked at 
Nombe during the Pleistocene and locally obtained pebbles probably made up 
the most important component of the assemblage. The primary activity that 
created the assemblage at this time was the decortication of volcanic cores, the 
products of which and the majority of cores themselves, were not discarded at 
the site but appear to have been taken for use elsewhere. Chert was a minor raw 
material type during this period, possibly because it was not readily available. 
The demands placed on the assemblage were those related to the 
exploitation of the areas higher in altitude than Nombe, and thus further from 
the creek lines that provided most of the flakable stone. In other words, the 
forest margins and subalpine grasslands were areas in which flakable stone 
most likely could not be obtained and thus this resource had to be provided as 
part of their exploitation. Individuals had to carry sufficient flaked stone with 
them to facilitate utilization of their preferred predation zone. In the absence of 
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dogs (Mountain 1991b:8.5), hunting in the montane forest may have been a 
challenging and time-consuming business offering minimal returns for effort 
expended (Mountain 1991c:60), perhaps requiring the use of traps for the larger 
terrestrial species (Mountain 1991b:9.16). The stone assemblage therefore had to 
be able to sustain hunting activities requiring lengthy absences from a source of 
stone. Individuals were provisioned with stone and probably carried cores and 
flakes with them as part of a maintainable, expedient toolkit, which allowed the 
manufacture of sharp edges as required. Nombe provided a point at which 
stone could be flaked, perhaps having been obtained in the creek lines below 
the site. It was the last stop before hunting commenced and the first stop, to 
butcher and consume the prey, on the descent. Subsequent stone working at the 
site built upon this basic assemblage structure. 
Two non-rockshelter sites occupied towards the end of the Pleistocene, 
NFX at 1,550 metres asl (Watson and Cole:1978:35-40 and 194), which gave a 
date of 18,050 ± 750 years bp (RL 370), and Wafielek at 1,680 metres asl, 
occupied perhaps 15,000 years bp (Bulmer 1991:473), also give some clue in the 
role of sites like Nombe, where flakable stone was available, in supplying other 
hunting sites as well. Both sites produced a surprisingly small sample of flaked 
stone: at NFX only 910 pieces (Watson and Cole 1978:19) and at Wafielek a mere 
81 artefacts (Bulmer 1991:474). The presence of debitage suggested stone 
working at both sites, but the small amount present also suggests that these 
were not locations where stone was readily available, perhaps because of the 
overburden of sediment present in lower areas. The occupation of these sites, 
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despite evidence for the presence of structures, is difficult to interpret 
economically (Hope and Golson 1995:821), but evidently did not require much 
in the way of flaked stone. 
The Pleistocene occupation of Wafielek, for example, has been 
interpreted as indicating its use as a transitory site occupied as people moved 
up into higher altitudes to hunt (Bulmer 1991:475). In this respect Wafielek was 
much like Nombe during the same period, but Wafielek lacks even the small 
assemblage of Nombe, with only 7 stone artefacts recorded (Bulmer 1991:472). 
The motivation attributed to people visiting the highlands during the 
Pleistocene is broadly similar: the sites provided access to hunting grounds at 
higher altitudes. Differences emerge, however, in terms of the availability of 
other resources. Sites such as Nombe, where flakable stone was available, 
therefore may have had a secondary role in provisioning individuals moving to 
lower altitudes through sites like Wafielek after hunting trips. 
Human movement during this period was probably regularly cross-
altitudinal, with sites at different altitudes providing the means by which a 
series of different resource zones could be exploited. Nombe's role was not only 
to allow access to the high-altitude forest margins and subalpine grasslands, but 
to provide a point at which resources could be centralized on the way to and 
from its associated resource zones: stone was flaked and animals butchered. At 
the close of the Pleistocene Nombe was established as an important transit 
location between altitude-based resource zones, despite changes in the nature of 
these zones as a result of climate change. 
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Hunting remained an important subsistence activity at Nombe into the 
first half of the Holocene with the peak of human activity at the site (Mountain 
1991b:10.8). Nombe became a base camp for relatively continuous hunting 
(Mountain 1991b:9.19). This change to more intensive occupation of the site 
probably can be attributed, at least in part, to a change in hunting patterns at 
Nombe in the late Pleistocene around 14,800 to 14,500 years bp, which was 
related to post-glacial warming and the decline of the alpine grasslands as a 
resource zone. 
As the environment changed, the visitors to Nombe adopted prey-
switching strategies, which involved hunting animals the successful capture of 
· which had different logistical requirements. The most important change was a 
preference for species that were taken at fixed locations in the landscape. This 
would have required in some cases increased logistical mobility brought on by 
the use of traps, but, with the reliable source of meat provided by such prey, 
allowed decreased residential mobility and thus the more permanent 
occupation of the site. 
At the same time there was a continued hunting of prey that was 
encountered anywhere within its range rather than at known points. The stone 
assemblage split organizationally to meet these two requirements. 
The Pleistocene-Holocene transition was marked by an increase in the 
amount of fruit bat bone in the site, sufficient to suggest that these had become 
an important prey, indicating an important prey-switching strategy brought on 
by the extinction of the larger marsupials (Mountain 1991b:9.17) (Table 7.2). A 
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feature of modern fruit bat hunting is the capture of these animals by trapping 
them in their roosting sites in caves and potholes (Mountain 1991b:9.18). This 
suggests an important change in hunting strategy from pursuing species that 
may occur at any point in their preferred habitat to trapping animals that 
occurred at a known, fixed point in the landscape. This would have greatly 
reduced the risk involved in meat procurement (cf Mountain 199lc) and was 
supported by the change in the structure of the flaked stone assemblage at 
Nombe. 
MNlcount NISPcount 
n o/o ~ % 
Stratum A 46 33 445 62 
Stratum B 379 71 3751 84 
StratumC 5 38 148 85 
Stratum D 7 15 79 26 
Table 7.2: The increasing importance of fruit bats in the Nombe faunal assemblage 
during the terminal Pleistocene, showing the minimum number of individuals (MNI) 
and number of individual specimens (NISP). The results are expressed as a percentage 
of the "small" component of the faunal assemblage, that is, animals between 300 grams 
and 1 kilogram adult body weight (after Mountain 1991b:7.21). 
Trapping fruit bats would have decreased the residential mobility 
required of the occupants of Nombe, allowing the provisioning of the site with 
flakable stone. With flakable stone readily available locally, this enabled the 
longer duration of occupational events at the site, even although trapping meat 
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at known locations, perhaps some distance from the site, effectively increasing 
logistical mobility (cf. Kuhn 1995:28-9). 
Small mammals alone, no matter how reliably procured, would not have 
been able to provide the amount of protein and fat necessary to sustain more 
permanent occupation of Nombe (cf. Latinis 2000). Other prey-switching 
strategies must have been in place, some of which undoubtedly required 
greater mobility. This is reflected by the duality of the early Holocene flaked 
stone assemblage. 
One such strategy appears to have been an increased emphasis on 
hunting cassowary, the largest animal in the New Guinea highlands between 
the extinction of the megafauna and the arrival of the pig (Evans 2000:17). A 
detailed analysis of the cassowary bone at Nombe points not only to a peak in 
procuring this bird during the early Holocene, but also suggests, on the basis of 
long bone breakage patterns, that the cassowary was an important source of fat 
in the form of marrow (Evans 2000:61 ). The increase in the killing of cassowary 
by the Holocene inhabitants of Nombe coincided with a decline in the taking of 
Zaglossus (long-beaked echidna), again reflecting a prey-switching strategy 
(Figure 7.2). The formidable nature of the fully-grown cassowary appears to 
have only made it worthwhile prey once the large marsupials were extinct; 
during the Pleistocene, younger cassowary were preferred (Evans 2000:68-9, 
72). Hunting cassowary probably did not require residential mobility to the 
degree needed to take the Pleistocene megafauna. Because of their ferocity, 
trapping rather than pursuit was probably the preferred method of securing 
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cassowary (Evans 2000 passim), which implies that cassowary hunting changed 
logistical mobility in a manner similar to catching fruit bats. Unlike fruit bats, 
however, with cassowary it was the traps, not the prey, that occurred at a fixed 
location in the landscape; thus increasing logistical mobility to allow resetting 
and moving traps as they became less successful. Nonetheless, trapping 
cassowary would have still allowed decreased residential mobility because the 
traps were a known distance from the site. Once nests were located, cassowary 
eggs and small chicks similarly would have been taken from known locations, 
at least for short periods. 
There was not, however, a complete transition to hunting animals caught 
at known locations. Dendrolagus (tree kangaroo) remained an important prey 
species throughout the Holocene (Figure 7.2). Dendrolagus did not occur at fixed 
locations within its environmental range and would thus have required 
increased mobility on the part of the hunters from Nombe. This higher risk prey 
was probably taken either on an ad hoc encounter basis or at times when the 
more reliably procured species showed unexpected variation in availability. 
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Figure 7.2: The changing proportions of prey s:pecies at Nombe (after Evans 2000:72). 
The disappearance of Diprotodon and Protemnodon from the faunal assemblage after the 
period covered by Stratum D is the result of their extinction. 
The more permanent occupation of Nombe reflect the success of the 
switch in hunting strategy to taking lower risk and more reliable game; 
Dendrolagus was probably used to support this strategy when trapping the 
other large game animal, the cassowary, failed. 
The procurement of meat by the early Holocene inhabitants of Nombe 
placed two requirements on the stone assemblage. The first was a reliable 
source of stone at a fixed location in the landscape, a provision for the times 
when resources also in a fixed location, such as fruit bats, or resources a known 
distance from the site, such as cassowary traps, were exploited. The volcanic 
stone provided this. The second was a portable toolkit that could be taken from 
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the site, and returned, at times when more mobility was necessary, such as 
when hunting Dendrolagus. Furthermore, a whole range of smaller mammals 
continued to be taken during the early Holocene at Nombe (Mountain 
1991b:9.19) and this too would have required a transportable flaked 
assemblage, best provided by the chert, which could sustain reduction of much 
smaller, and thus portable, cores. This role of the chert assemblage was also 
reflected in the way that the raw material type was reduced at Nombe. 
Although relatively intense, reduction was directed towards keeping cores 
flakable and thus usable away from the site. This contrasts with the volcanic 
cores, which appear to have been worked out quickly and discarded while still 
of a size that would be regarded as functional in a chert core. 
Although each raw material type was simply meeting a demand for a 
supply of cutting edges, that is, flakes, mobility requirements split the 
technological functioning of the assemblage along raw material lines. It is 
difficult to determine the relative importance of the two facets of the 
assemblage. While the volcanic assemblage dominates proportionally, this may 
well be a result of its nature as the provision in place: it was almost all 
discarded at one location. The chert, on the other hand, was probably discarded 
at many different use locations, effectively minimizing its impact in the Nombe 
assemblage. 
The important feature of the early Holocene assemblage is that it is 
organizationally split, marking a transition between the Pleistocene (solely 
provisioning individuals) and the late Holocene (only provisioning place, 
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discussed below). This split also marks a transition in hunting and settlement 
behaviour. The inhabitants of Nombe appear to have been looking to surer 
resources, either leading to, or as a result of, more sedentary living patterns. 
The obvious explanation for this change lies in a broader change in subsistence 
patterns in highlands New Guinea. 
The period after c. 14,000 years bp is marked by the most dramatic 
changes in human subsistence patterns, which accelerate after the end of the 
Pleistocene. Forest disturbance intensified to periodic clearance, associated with 
shifting horticulture of cultigens that had become available as mixed forest and 
swamp plant taxa colonized the forest as result of climatic warming (Hope and 
Golson 1995:827). The ultimate development of these changes is the appearance 
of swamp agriculture in highlands New Guinea, which, based on the evidence 
from Kuk near Mt Hagen, dates to at least 6,000 years bp, possibly originating 
as early as 9,000 years bp (Golson 1989:679). Golson (Hope and Golson 
1995:828) argues that the motivation for this development lay in progressive 
deforestation over several millennia, which resulted in soil degradation that put 
sustainable shifting horticulture in jeopardy. The fertile soils offered by 
swamps, such as Kuk, represented a distinct advantage for continued plant 
cultivation. This is also seen as associated with the loss of forest faunal 
resources (cf J. Hope 1977:25) and an intensification of pig husbandry, leading 
to further demands on agricultural production (Hope and Golson 1995:828). 
These developments coincide with the period of most intense human 
occupation of Nombe (Mountain 1991b:10.9) and several other highland sites, 
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including Kafiavana (White 1972:108) and Yuku (Bulmer 1975:30-1). The 
implications for the prehistoric inhabitants of Nombe are unclear. By this 
period, Nombe was surrounded by mid-montane forest without access to 
alpine grasslands. This is reflected in the faunal assemblage at Nombe, which 
also indicates the continued importance of hunting as a subsistence strategy 
(Mountain 1991b:10.9). This period at Nombe was perhaps one of "forest 
management" or 11 forest gardens". These types of horticulture, from an 
evolutionary model proposed by Groube (1989:301), involved the management 
of plant resources by either, in the former case, providing and maintaining 
cleared areas, or, in the latter, transplanting plants out of the forest into 
maintained cleared areas. Both could explain the relatively permanent 
occupation of Nombe during the early Holocene, and yet would have been the 
type of limited horticulture still requiring substantial hunting for successful 
subsistence. 
The last 4,500 years were marked by a decline in the importance of 
N ombe as an occupied site; rather it returns to being frequented only during 
occasional hunting trips. The focus of subsistence during this period shifted to 
valley-floor horticulture, well established by 4,500 years bp at Kuk and 
probably elsewhere (Golson 1989:681, Hope and Golson 1995:825) and forage-
based pig domestication was probably becoming an influential means of 
supplying meat (cf. White and O'Connell 1982:189). 
Nombe was still visited as a hunting site, although the pattern of hunting 
shifted from day-to-day subsistence hunting of forest species to taking 
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grassland macropods (Mountain 1991b:7.24). In this way, the most recent 
occupation of the site was much like that of the Pleistocene: the site provided 
access to particular environments in which preferred games species occurred. 
The major difference between the periods was that hunting had declined in 
overall importance as a subsistence activity, its place taken by horticulture. 
The stone assemblage at Nombe reflected these changes. The infrequency 
of hunting trips using the site as a base was such that it was not necessary to 
have a component of the assemblage dedicated to sustaining the reduction of 
small, portable cores usable away from the site. Provisioning Nombe with 
volcanic stone sufficed, although the volcanic stone seemed to take on 
something of the role of the chert, in particular as shown through the continued 
reduction of small volcanic cores in Stratum A. 
The change over the course of the Holocene to provisioning the hunting 
camp rather than the hunters with stone is possibly explained by he 
considerable distances travelled by some horticultural groups to hunting camps 
(cf Hope and Golson 1995:826). There being no requirement to transport flaked 
artefacts into a horticultural setting in significant numbers (discussed below) 
meant that flaked stone was generally only needed at hunting sites, thus those 
places were provisioned with stone. This avoided unnecessarily carrying stone 
between valley floors and mountain rockshelters. Some movement of chert, and 
its reduction away from Nombe appears to have occurred during this period, 
but for the most part the reductive characteristics associated with the chert in 
the early Holocene have switched to the volcanic stone. 
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In contrast to the situation during the Pleistocene, hunting camps with a 
ready supply of flakable stone probably also lost their subsidiary role of 
supplying stone to the visitors to other hunting camps without that resource to 
hand, further mitigating the need to provision individuals. 
Similar changes to flaked stone assemblages occurred elsewhere in 
highlands New Guinea during the same period, notably at Manim (2) and 
Ritamauda, and this phenomenon seems analogous to White's (1972:147-148) 
observation on the disappearance of the use of retouched artefacts in the past 
1,000 years. 
Placing the Nombe stone assemblage in its subsistence context suggests 
that the changes in the structure of the assemblage were linked to changing 
hunting patterns evident in the faunal assemblage. In turn, this implies that the 
apparent decline in both the organization and use of the flaked stone 
assemblage was associated with the decline of hunting, and living in the forest, 
as a means of subsistence. 
Horticulture did not require flaked stone artefacts (Golson 1977:160) and 
its dominance as the means of subsistence for most highlanders reduced the 
role of flaked stone artefacts to servicing occasional hunting trips. The 
replacement raw material for making tools for cutting tasks previously served 
by stone flakes was bamboo (cf Sillitoe 1988 passim). By the time ethnographers 
penetrated highlands New Guinea the chipped stone assemblage had ceased 
use altogether. 
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PREHISTORY FROM UNENTERPRIZING FLAKED STONES 
The methodology 
Considering the larger picture, flaked stone artefacts played a supporting 
rather than central role in the prehistory of highlands New Guinea. Flaked 
stone artefacts reflected rather than drove subsistence change. Furthermore, 
these changes were reflected in the way in which flaked stone assemblages 
were ordered, not in the types or forms of the artefacts produced. 
Central to understanding how flaked stone artefacts in highlands New 
Guinea attached to subsistence activities was the development of a 
methodology that placed the artefacts in the context of the interpretative 
framework of mobility and provisioning. For the Nombe assemblage this was 
done through developing the means to assess and compare the relative levels of 
artefact reduction undertaken with the two types of stone over three 
chronological periods. The limitations brought by small sample sizes and broad 
stratigraphic divisions meant that the conclusions were necessarily general, but, 
overall, could be usefully linked to the faunal data. 
From an analytical perspective the methodology developed has been 
successful in two ways. First, it has allowed the general reduction sequences at 
N ombe to be examined and the results from this to be used to suggest the 
subsistence role of the assemblage. Second, the methodology has tested the 
usefulness of a series of variables, and groupings of variables, against an 
archaeological assemblage lacking a formal component. Most importantly it has 
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proved possible to identify which variables, used by previous analysts, appear 
to best reflect reduction and which variables are linked in an amorphous 
assemblage (Table 7.3) 
Most of the key variables are quantitative and most reflect the physical 
changes that take place as cores are reduced. In the context of the analysis of the 
Nombe assemblage, the only variable that directly reflects the decision-making 
process of the prehistoric stone workers was core rotation. For some of the 
qualitative variables, for example flake terminations, it has proved possible to 
identify the quantitative variables that influence their formation. In general, the 
variables, and their combinations (Table 7.3), could be readily applied to any 
other assemblage lacking a formal component. 
An<llvsis of ~ev qui!ntit<ltive variables ~ey qualiti!tive vadables Groupe<t varlables 
CORES • EPA • Platform cortex • EPA-weight-
• Weight • SSF length 
• Length • N rotations-EPA 
• Nrotations • N rotations-N 
• N negative flake scars negative flakes 
• Platform width scars 
FLAKES • EPA • Cortex • Length-width 
• Length • Flake termination • EPA-length 
• Width type • Platform 
• Platform thickness thickness-length 
• EPA-flake 
termination type 
CORES- • Core EPA-flake 
FLAKES EPA 
• Core platform 
width-
redirecting flake 
length 
Table 7.3: A matrix depicting the most useful artefact variables and grouping of 
variables in the analysis of the N ombe assemblage. 
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The driving aim of the analysis of the Nombe assemblage was to identify 
its structure and the way in which it was organized. This was done by looking 
for relative variations in the reduction sequences that indicated differences 
between raw material types and changes over time. To take the example of the 
increased use of chert at the beginning of the Holocene, the important issue was 
whether the reduction of the chert differed from that of the volcanic, in use 
since the Pleistocene. If no such differences existed, then the use of the chert 
could be attributed to its use simply as an alternative raw material type made 
available by terminal Pleistocene geomorphological changes. Because it did 
seem to be reduced differently, however, it was evident that its introduction 
changed the structure of the assemblage in such a way as to meet the 
subsistence requirements of the early Holocene (discussed previously). In this 
sense, looking at the Nombe assemblage as an organized whole rather than as a 
series of uniquely attributed components has allowed its analysis as a 
functional part of prehistoric subsistence. 
The results 
Two major chronological changes were observed in the Nombe 
assemblage. First, there was a change in the structure of the assemblage at the 
Pleistocene-Holocene transition. A new raw material type (chert) increased 
dramatically in importance and the assemblage was split into two sets of 
artefacts. The first set (volcanic stone) was used to provision the rockshelter 
with stone in response to a decreased residential mobility brought on by a 
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change in hunting strategies. This change in hunting, and logistical mobility, to 
taking prey more likely to be found at fixed, known locations, was probably in 
response to restrictions in access to alpine grasslands caused by environmental 
change and a concomitant loss of large marsupials as game. At the same time a 
smaller subset of the assemblage (chert) was structured in such a way to permit 
its use in hunting strategies based on taking prey that did not occur at fixed 
locations. The chert was used to provision individuals. In this sense, both the 
more mobile hunting strategy and the chert assemblage were the failsafe 
necessary to support the more permanent Holocene occupation of Nombe 
should the fixed-location prey strategy fail. 
At the same time as these changes in the structure of the Nombe 
assemblage were taking place there might have been a broader change in the 
procurement of flakable stone in the highlands, based around the use of sites 
with direct access to a permanent supply of good quality stone. This can be 
suggested on the basis of the pattern of occupation of Kafiavana, which appears 
dedicated to flaking large amounts of chert, for which the initial stage of 
reduction dominates. This in tum suggests the role of the site in provisioning 
other locations with chert, where its reduction continued. 
The second change occurred in the middle Holocene (after about 4,500 
years bp ). Again the change was structural. The maintenance on the component 
of the assemblage used to provision individuals (the chert) appears to become a 
lower priority and the provision in place (the volcanic stone) dominates. That 
this change occurred at sites in addition to Nombe appears to support its 
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association with the increased importance of horticulture as a means of daily 
subsistence. The result is a decline in the use of the forests and their associated 
hunting camps, such as Nombe, in turn reducing the need for more than simply 
provisioning the camps with flakable stone. 
The role in subsistence of highlands New Guinea flaked stone 
assemblages was to provide sharp edges. The shape of the artefacts on which 
these edges were carried does not appear to have been important, nor did it 
change over time. What did change was the organization of the assemblage that 
underlay the provision of sharp edges. The Nombe assemblage was 
manipulated to respond to the subsistence demands it was required to fulfill 
primarily through the agency of controlling the rates of core reduction. This in 
turn restructured the assemblage to meet the changing needs of its users. 
The future 
For the most part, studies of Pleistocene and early Holocene human 
activity in New Guinea have emphasized the importance of the adaptation by 
humans to exploiting and manipulating the flora rather than the fauna 
(cf Golson 1971, Groube 1989, White 1996). Over the longer term, this was 
undoubtedly so. The evidence from Nombe, however, is a reminder of the 
importance of hunting, an activity without which there may not have been as 
strong a subsistence base to support long-term human manipulation of the 
vegetation. Changes in the hunting regime are reflected in the structure of the 
flaked stone assemblage at Nombe, and these in turn point to differences in the 
Flaked stone and subsistence at Nombe 288 
intensity and duration of occupation events at the site. The role the 
development of small-scale shifting horticulture and local forest clearance 
played in these changes can only be inferred. The acceptance of horticulture - at 
the expense of hunting - as the driving force in prehistoric highlands New 
Guinea archaeology is perhaps too narrow an interpretation (cf. Gosden 
1995:816), especially for the late Pleistocene and early Holocene. Indeed, 
hunting of forest mammals remains the most important contribution to dietary 
protein, more so even than pigs, among some groups, despite these groups 
being entirely sedentary and agricultural (Dwyer 1990:71). Assessment of the 
Nombe stone assemblage in light of other activities evidenced at the site 
suggests that hunting was an important component of overall subsistence at the 
site, around which, at least in part, the organization of the stone assemblage 
was arranged. 
The analytical methodology applied at Nombe suffered from two 
external limitations: small sample sizes and broad stratigraphic divisions. The 
main impact of these was the lack of fine chronological detail in the conclusions 
drawn about changes in the stone assemblage. 
Nombe, however, offered something that no other highlands site in New 
Guinea had: a flaked stone assemblage with elements up to 25,000 years old and 
the assemblage was associated with a dated sequence that allowed long term 
trends to be examined over both the Pleistocene and Holocene, as well as the 
transition between the two. 
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The analysis presented here has not been able to address all of 
Holdaway' s (1995) concerns. This is in part because those concerns cannot be 
shown to be pertinent to highlands New Guinea; change over time and across 
the Pleistocene-Holocene transition, for example, is observable, but it is not the 
change in artefact form or size envisaged. Rather the structure of the Nombe 
assemblage changed in response to subsistence behaviour; the only reduction in 
artefact size positively identified, that for volcanic flakes, came from the middle 
Holocene. 
Analysis of the Nombe assemblage instead generates a different set of 
issues that need to be tested against other highlands New Guinea sites. The key 
points in this new interpretative framework are: 
• The relationship between hunting camps during the Pleistocene, in 
particular between those with and those without flaked stone assemblages. 
A subsidiary concern is whether the role of sites like Nombe in provisioning 
individuals with stone extended beyond higher altitude hunting activities to 
valley floor subsistence development as well. 
• The Pleistocene-Holocene transition appears to be marked by increased 
flake manufacture associated with organizing the flaked stone assemblage to 
cope with decreased residential mobility and increased logistical mobility at 
highlands hunting camps, while simultaneously sustaining limited 
provisioning of individuals with stone as a contingency. Sites are possibly 
occupied at this time for the express purpose of procuring flakable stone. 
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• The most marked change in the flaked stone assemblage at Nombe and 
elsewhere appears to have occurred in the second half of the Holocene, and 
involved declining interest in sustaining flaked stone technology. The site of 
Ritamauda indicated the likelihood of technological as well as raw material 
preference changes, while Manim (2) and Nombe show an apparently 
straightforward decrease in stone working. At Wafielek it has been 
suggested that an entirely new technology, including microliths, developed 
at this time (Bulmer 1991:476). This is perhaps the most exciting change, and 
one that requires further examination of highlands New Guinea flaked stone 
assemblages, as it is contemporary with major developments in subsistence 
behaviour and settlement patterns 
These then are the issues that can be taken to other highlands New 
Guinea flaked stone assemblages to provide an interpretative model to 
overcome the methodological problems that have until now dogged linking 
amorphous assemblages to the broader subsistence context. 
In future, linking the reduction sequence based methodology proposed 
here with use wear analysis will allow testing links between flaked stone 
assemblage structure and a range of hunting activities beyond hunting. The 
emphasis placed here on hunting as representative of the driving force behind 
changing patterns of subsistence mobility was· primarily because of the 
availability of a contemporary faunal assemblage known in detail. Similarly, 
other technological activities in highlands New Guinea, particularly axe 
manufacture, could be tied to this type of analysis. 
Flaked stone and subsistence at Nombe 291 
The key to writing prehistory from the crude, colourless and 
unenterprizing flaked stone artefacts of highlands New Guinea lies not in 
looking at the form of the artefacts themselves, but rather the way in which 
their manufacture was structured. Had the Nombe assemblage been analyzed 
using a more traditional methodology that examined artefact form or looked 
only at those reduction sequences thought to be leading to a particular artefact 
type, the temporal changes in the assemblage would not have been seen, nor its 
relevance to broader subsistence issues. The methodology adopted here is a 
functional analysis writ large: the question is not how was each artefact used, 
but rather what could be achieved by the assemblage as an organized whole. 
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Endnotes to Chapter 7 
1 Chert redirecting flakes did not provide the same result, and are not significantly 
larger than ordinary chert flakes (t-test, t = 2.077, p = .038). 
2 The Kafiavana artefacts were taken from Horizons VI, VII, VIII and IX, the dates for 
which are shown below (Table 7.4). Horizon IX was not directly dated, but its faunal 
content suggested a Pleistocene age (Plane 1972:168). 
14C Sam le Location 
Base Horizon II 
Horizon VI and VII 
Horizon VII and VIII 
Horizon VI and VII 
Horizon VII 
Horizon VII and VIII 
Date 
4,690 ± 170 (ANU-42) 
6,180±125 (NZ-1025) 
Z:6,750 ± 100 (ANU-41a) 
9,290±140 (NZ-1026) 
>9,500 (ANU-20) 
Z:l0,730 ± 370 (ANU-41b) 
Table 7.4: The 14C dates from Kafiavana and their location by horizon and stratum 
(White 1972:91). 
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I 
TERMINOLOGY 
The following glossary provides the basic definitions of the terminology used in 
this analysis. For the technical details surrounding the analytical use of some 
the terms described here, the reader is directed to Chapter 5. 
Amorphous 
This term is used generically to describe assemblages that lack a formal 
component or characteristic repeated forms. It is also describes the artefacts that 
occur within such assemblages. 
Artefact 
Any piece of stone that has been flaked, whether deliberately or as a by-product 
of deliberate stone working, regardless of form and whether used or not. More 
broadly, this term also describes any piece of stone showing evidence of having 
been put to use but not flaked, such as hammerstones. 
Axis I mass concentration index 
An index measuring the relative concentration of a core's mass about the 
measured striking axis. 
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Bulb of percussion 
A feature of the ventral surface of a flake that describes a distinct bulb 
protruding from the stone as a result of the application of force to the striking 
platform to detach the flake. 
A category of artefact, the primary purpose of a core is to provide the stone 
worker with capacity to detach other pieces of stone from it, usually flakes. 
Cores have at least one clearly identifiable striking platform and show at least 
one negative flake scar on a surface other than the striking platform (Figure I.l) . 
. Length 
Figure 1.1: A diagram of the primary axes measured on cores in the Nombe assemblage. EPA 
was measured at the point where platform thickness intersected with the flaking face of the 
core. 
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Core rotation 
A term that describes the stone worker turning, or rotating, a core in order to 
use a new striking axis and thus create a new striking platform. In theory a core 
can be rotated several times. On a flake or piece of debitage, negative flake scars 
running in more than one direction make evident the rotation of the parent core 
prior to the detachment of that flake. 
Cortex 
The weathered outer surface of stone, the remains ·of which may occur on 
artefacts. In this analysis, two forms are identified: pebble (waterworn) and 
non-pebble (other than waterworn, including reef cortex and limestone). In this 
analysis cortex is simply identified as present or not, and the relative frequency 
of artefacts showing analyzed. Cortex occurring on striking platforms is 
recorded as a separate variable. 
Debitage 
A category of artefact used to describe artefacts identifiable as neither core nor 
flake, or any other category of artefact. In general, pieces of debitage lack a 
striking platform and termination, and the striking axis is frequently 
indeterminable. All other features of artefacts, such a negative flakes scars and 
cortex, can usually be identified. 
Decortication 
The removal of cortex from the surface of a core. 
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Dorsal surface (or face) 
A feature of flakes describing what was the flaking surface of the core prior to 
the flakes' removal; the outer surface of the flake, generally showing negative 
flake scars. 
Exterior platform angle (EPA) 
A variable occurring on cores and flakes describing the exterior angle between 
the striking platform and the flaking surface or dorsal surface. Expressed in 
degrees. Also referred to simply as the platform angle. 
A category of artefact, flakes are pieces of stone struck from cores, the primary 
purpose of which is to provide a sharp edge. They are distinguished from other 
pieces of flaked stone by having part of the parent core's striking platform 
identifiable and, usually, a visible bulb of percussion. 
Flaked piece 
A generic category of artefact used to describe artefacts other than cores, that is, 
core products. This term is used to describe flakes and debitage combined. 
Flaking surface 
A feature of cores used to describe any surface other than the striking platform 
from which flakes have been detached. The primary flaking surface is the one 
from which the majority of flakes have been detached. 
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Hammerstone 
A stone, usually a river pebble, used to strike cores in order to impart the 
necessary force to detach flakes. 
Implement 
A generic term used to describe artefacts that have been used in an activity 
other than stone working, in other words, a tool. 
Length 
A variable describing the measurement taken along the striking axes of artefacts 
for which this can be determined. On cores, length measures perpendicularly 
from the primary striking platform to the base of the core. On flakes, length 
measures from the point at which the flake was struck to detach it to its 
termination, generally perpendicular to the striking platform. Length on 
debitage is measured on the maximum dimension. Expressed in millimetres. 
Negative flake scars 
A variable occurring on artefacts, this term describes the scars left by flakes 
previously removed from the flaking surface of a core. Negative flake scars are 
also evident on the dorsal surfaces of flakes, reflecting the core flaking surface 
carried away by those flakes. The variable is also referred to as the negative 
flake scar count. 
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Platform thickness 
A variable measured on cores and flakes across the top of the striking platform 
in the same axis as artefact thickness, that is, perpendicular to the flaking or 
dorsal surface. 
Platform width 
A variable measured on cores and flakes across the top of the striking platform 
in the same axis as artefact width, that is, parallel to the flaking or dorsal 
surface. 
Redirecting flakes 
A category of artefact that describes flakes struck perpendicular to the existing 
striking platform of a core to carry away SSF, create a new platform or as the 
first flake detached after core rotation (cf. Figure 5.7). 
Reductive indicators 
Technological features observed on artefacts, for example exterior platform 
angle, that are used analytically to reconstruct the reduction sequence at a 
sample or population level. 
Striking axis 
On cores a variable describing the axis down which flakes have been struck and 
detached. On a flake, the axis down which force was applied to the core to 
detach that flake. Length is measured on this axis. 
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Where core rotation is evident, the axis down which the majority of negative 
flake scars are manifest is taken as the primary striking axis. 
Striking platform 
A variable occurring on artefacts, the striking platform, also referred to simply 
as the platform, is the surface on a core that has been struck to detach flakes. 
Flakes also carry away part of the striking platform of their parent core. 
Where core rotation has occurred, the platform from which the majority of 
flakes have been struck is taken as the primary striking platform. 
Sub-platform stacked step fracture (SSF) 
A variable occurring on artefacts that describes the result of repeated blows to 
the edge of a striking platform that have removed a series of very small flakes 
ending in stepped terminations. The negative flake scars thus resulting stack 
up, eventually rendering that striking axis of the core useless. SSF occurs just 
below the striking platform on both the flaking surface of cores and the dorsal 
surfaces of flakes. 
Termination (also flake termination) 
A variable occurring on flakes that describes how the flake detached from the 
core at the furthest point from the striking platform. 
Types of flake termination are (Figure I.2): 
Feathered, which describes a termination where the flake's ventral and dorsal 
surfaces meet in a fine edge; 
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Hinged, which describes the premature termination of the flake, creating a 
curved termination across the thickness of the flake; 
Stepped, which describes the sudden, premature termination of the flake at near 
to perpendicular to the parent core's flaking surface; 
Basal, which describes a termination that has undercut and carried away part of 
the base of the parent core; 
Broken, which describes a clearly identifiable break across the flake that has 
resulted in the loss of the termination; and 
Missing, describing a very small number of flakes for which it appears that the 
termination has been broken off post-excavation, probably during transport 
from the site. 
Hinged 
Stepped 
Basal 
Feathered 
Figure 1.2: The four key types of flake terminations, feathered, hinged, stepped and basal, in 
profile. 
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Thickness 
A variable occurring on artefacts measured at the same point as width but at a 
right angle to it. Expressed in millimetres. 
Ventral surface (or face) 
A feature of flakes describing the surface opposite the dorsal surface. This 
surface generally shows a bulb of percussion. 
Width 
A variable occurring on artefacts measured at a right angle across, and halfway 
down, length. Expressed in millimetres. 
Weight 
The mass of an artefact expressed in grams. 
